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From 1996 to the present, the Boulder River, a tributary to the Yellowstone River near 
Big Timber, Montana, was listed by the state o f Montana as impaired by dewatering in its 
lower 5 miles. The remainder o f the river has never appeared on the state’s list of 
impaired waters, but reports o f nuisance algae blooms by local residents beginning in the 
early 1990’s indicated that the Boulder might be suffering from nutrient impairment, 
particularly in the area upstream of Natural Bridge. In response, the Montana 
Department o f Environmental Quality (DEQ) and the Sweet Grass Conservation District 
agreed to sponsor and fund this study of the Boulder River to investigate the algae bloom 
and nutrient concentrations in the river. At the time, little information existed with which 
to determine whether the Boulder Rive supported its beneficial uses; hence the sponsors 
also requested that the study gather sufficient and credible data for making a use support 
determination. The objectives of this study included the following: 1) provide an initial 
assessment o f the reported algae blooms in the Boulder River and explore the possibility 
that human-caused nutrient sources were fueling the algae bloom; 2) gather sufficient and 
credible data with which to evaluate support of beneficial uses in the Boulder River; and 
3) provide baseline data for comparison with future water quality studies o f the river.
Synoptic sampling for nutrients (nitrate+nitrite, total Kjeldahl nitrogen, and total 
phosphorous) was performed approximately monthly from August 1999 through October 
2001 at sites along the river that bracketed suspected sources. No significant human- 
caused sources of nutrients were detected during this study. Moreover, instream nutrient 
and algal levels did not violate the only standards currently set for these parameters in 
Montana. However, nutrient levels did sometimes exceed levels recommended by the 
EPA for this area. In late spring of 2000 and 2001, the alga Ulothrix zonata was highly 
visible in isolated patches throughout the upper river above Natural Bridge. However, 
Ulothrix levels did not appear to be correlated with development in the upper watershed 
or with nutrient concentrations.
The Montana Department o f Environmental Quality’s beneficial use support 
determination assessment was performed at seven locations in August 1999. The 
assessment consisted of a suite of chemical, biological, and physical parameters. The 
weight o f evidence provided by this assessment suggested that the Boulder River fully 
supported aquatic life and other beneficial uses in 1999; however, the river below Natural 
Bridge appeared to be near the threshold of minor impairment. To maintain water quality 
in the Boulder Watershed, a watershed group has recently been formed. Maintaining 
instream flows and protecting riparian areas from development and overgrazing are key 
parts o f a strategy to maintain water quality in the Boulder.
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INTRODUCTION
The Boulder River is currently listed by the state of Montana as impaired by 
dewatering in its lower 5 miles. The listing decision is based on reports by Montana Fish 
Wildlife and Parks (FWP) that the construction of gravel diversion dikes across the entire 
river channel to divert water flow to irrigation ditches was creating problems for 
migrating fish. The remainder of the river has never appeared on the state’s list of 
impaired waters, but reports of nuisance algae blooms by local residents beginning in the 
early 1990’s indicated that the Boulder might be suffering from nutrient impairment, 
particularly in the area upstream of Natural Bridge. In response, the Montana 
Department o f Environmental Quality (DEQ) and the Sweet Grass Conservation District 
agreed to sponsor and fund this study of the Boulder River to investigate the reported 
blooms and the nutrient concentrations in the river. At the time, little information existed 
with which to determine whether the Boulder River supported its beneficial uses; hence 
the sponsors also requested that the study gather sufficient and credible data for making a 
use support determination.
The rationale for determining whether waters support beneficial uses comes from the 
Federal Clean Water Act, aims to "...restore and maintain the chemical, physical, and 
biological integrity of the Nation's waters” (Gallagher 1996). As part o f its effort to 
accomplish this goal, the Environmental Protection Agency (EPA) has instructed the 
states to establish water quality standards using federal guidelines. First, the states must 
classify all water bodies according to their beneficial uses, including "public drinking 
water supplies, propagation of fish and wildlife, recreational purposes, and industrial, 
agricultural and other uses" (Gallagher 1996). Second, the states must develop
quantitative water quality criteria which, if met, can reasonably be expected to ensure that 
beneficial uses are supported. For each water body that violates its water quality 
standards and/or fails to support its beneficial uses, the states are required to determine 
what actions (including pollution reduction and/or habitat restoration) are needed to 
restore the waterbody's integrity (i.e. meet its standards and fully support uses). Making 
this determination and developing a plan to achieve this restoration is called a TMDL, or 
Total Maximum Daily Load, referring to the maximum load of stress the waterbody can 
withstand without unacceptable change. The Clean Water Act also requires states to 
complete a list of water bodies that are impaired (not fully supporting uses) and in need 
of TMDL's. The list o f impaired waters is called the 303(d) list after the section of the 
act that requires the development o f such lists.
STUDY OBJECTIVES
The objectives of this study included the following:
1. Provide an initial assessment of the reported algae blooms in the Boulder River 
above Natural Bridge. Although DEQ had already conducted a brief nutrient 
study of this section of the river in 1994, which found no indication of elevated 
nutrient levels (Levine, 1996), little information existed on the type of algae 
causing the complaints, the locations of the algae blooms, or the extent o f the 
algal growth. The assessment described in this report was intended to provide this 
information, and to explore the possibility that anthropogenic nutrient sources 
were causing the algae bloom.
2. Gather sufficient and credible data with which to make a beneficial use 
determination and determine the 303(d) status o f the Boulder River.
3. Provide baseline data for comparison with future water quality studies of the 
river.
DESCRIPTION OF THE BOULDER RIVER DRAINAGE
Located in Park and Sweet Grass Counties in south-central Montana, the Boulder 
River drains approximately 583 square miles of national forest and private lands south of 
Big Timber, Montana (Figure 1). From its headwaters in the Absaroka-Beartooth 
Wilderness, the Boulder flows north for approximately 65 miles before joining the 
Yellowstone River. Major tributaries include the East and West Forks of the Boulder. 
Elevation in the watershed ranges from approximately 4,050 at the Yellowstone River to 
over 10,000 feet in the Absaroka Mountains.
The Boulder River is classified as a B-1 stream by the State of Montana, indicating 
high water quality and potential to support of a wide range of beneficial uses, including 
domestic use, recreation, agricultural and industrial water supply, and wildlife and 
aquatic life (including coldwater fishery).
The Boulder River and its floodplain are naturally divided into two sections by a 
waterfall located just downstream of Natural Bridge near the Gallatin National Forest 
Boundary. Above Natural Bridge, the Boulder flows through a steep, forested canyon. 
Rosgen B channel types (Rosgen 1996) dominate, with substrates ranging from coarse 
gravels to large cobbles. Land ownership in this area is dominated by the United States 
Forest Service, which controls the Gallatin National Forest and the Absaroka-Beartooth
Wilderness. Except for a gravel road that parallels the Boulder River almost to its 
headwaters, forest and wilderness lands in this area are roadless, and land uses are limited 
primarily to recreation, although some historic mining has occurred in the Boulder 
River’s headwaters. Several large church camps and housing developments and a few 
scattered private residences are located on private lands adjacent to the Boulder above 
Natural Bridge. This part o f the Boulder River contains several areas of development 
that were suspected as possible nutrient sources, including Aspen Campground, 
Clydehurst church camp. Fall Creek Campground, and the Whispering Pines Housing 
Development. All o f these were bracketed with nutrient sampling stations as discussed in 
more detail later in this report.
Below Natural Bridge, the Boulder flows through a relatively wide valley, dominated 
by private agricultural lands used for sheep and cattle grazing and hay production. From 
Natural Bridge downstream to the confluence of the East Boulder River, the Boulder 
River is a Rosgen C-type channel, with a substrate of coarse gravel and small cobbles. 
Below the East Boulder, the Boulder River increases in gradient, and returns to a Rosgen 
B-type channel, with substrate dominated by large cobbles and small boulders. A map 
showing the location o f the watershed is presented in Figure 1.
Climate in the Boulder River Watershed varies greatly with elevation as is typical of 
the mountains regions o f Montana. Low valleys in the watershed are semi-arid, while the 
highest elevations approach sub-arctic conditions (Stillwater 1992). At the National 
Oceanic and Atmospheric Administration (NCAA) weather station in Big Timber 
(elevation 4,500 ft), average maximum temperatures climb to nearly 90 degrees F in July 
and reach a low o f 16 degrees F in January. The average annual maximum and minimum
temperatures at the Big Timber station are 60.5 and 33.6 degrees F, respectively.
Average annual precipitation at Big Timber is 15.31 inches, with April, May, and June 
the wettest months. Precipitation in the highest parts of the watershed reaches as much as 
55 inches annually (NRIS 2003).
Vegetative data were summarized from GAP information for the Boulder Watershed. 
GAP vegetation classification was developed by the United Stated Geologic Survey 
(USGS) from satellite imagery in the 1990s. In general, coniferous trees dominate the 
plant communities upstream of Natural Bridge, while grasslands dominate below (Figure 
2) (NRIS 2003). Five GAP vegetation-mapping units cover approximately 60% of the 
watershed: Mixed Whitebark Pine Forest (17.6%), Mixed Subalpine Forest (12.6%), 
Low/Moderate Cover Grasslands (11.3%), Douglas-fir (9.3%), and Lodgepole Pine 
(9.0%). Rock accounts for approximately 10%, and the remaining 30% of the watershed 
area is comprised of a mixture of small amounts of 32 other GAP mapping vegetation 
types (Table 1).
Nearly half o f the watershed (47 %) is underlain by calc-alkaline intrusive rocks, 
primarily granodiorite and diorite (Figure 3, Table 2). Calc-alkaline volcanoclastics 
occupy another 12.6% of the watershed. From Natural Bridge to the confluence of the 
East Boulder, the Boulder River flows through a mix of geologic materials including 
ultramafics, mixed miogeosynclinals, carbonate, granitic gneiss, sandstone, and glacial 
till. Below its confluence with the East Boulder, the Boulder River floodplain is 
dominated by alluvial materials. Geologic mapping units are defined in Table 3.
Fourteen Natural Resource Conservation Service (NRCS) soil mapping units occur 
within the Boulder River Watershed (Figure 4 and Table 4). Three mapping units
dominate the Boulder Watershed: Shadow-Garlet-Macfarlane, Rock Outcrop-Rubble 
iand-Cowood, and Absarokee-Hilger-Big Timber. These three units comprise 60.8% of 
the watershed (NRIS 2003).
MONITORING AND ASSESSMENT DESIGN AND METHODS
Fourteen sampling stations were positioned between the headwaters of the Boulder 
River and its confluence with the Yellowstone River to characterize the range of 
conditions in the Boulder and to bracket suspected nutrient sources (Figure 5 and Table 
5). Seven of the sites were established during an initial reconnaissance of the river in 
August 1999. The remaining seven sites were established during subsequent sampling 
occasions in response to observed potential nutrient sources, suggestions from local 
residents, and areas of noticeable algal growth. For this reason, number of samples varies 
somewhat between sites. Sampling was conducted in August 1999, and then 
approximately monthly between April 2000 and October 2001, except when winter 
conditions made sampling too difficult. Much o f the discussion that follows refers to 
Natural Bridge as a landmark. Please note that the first site downstream of Natural 
Bridge is site 11 (Hass Ranch).
Water column grab samples were collected at each site and analyzed for total Kjeldahl 
nitrogen (TKN), nitrate plus nitrite (NO2/3), and total phosphorous (TP). Sample results 
for TKN and NO2/3 were summed to estimate total nitrogen (TN). Soluble reactive 
phosphorous (SRP) was not sampled due to equipment and budgetary constraints.
Stream flow was not measured at each site, but the United States Geological Survey's
gauge at Big Timber provided a measure of the relative magnitude of flow over the 
sampling period.
DEQ’s standard method of assessing beneficial use support was performed in August 
1999 at seven of the 14 sites. DEQ’s standard methods can be reviewed online at 
http://www.deq.state.mt.us/ppa/mdm/SOP/sop.asp, and example DEQ field forms used in 
this study are included in Appendix A. Sites included in the DEQ stream assessment 
were Basin Creek (site 1), Aspen Campground (site 6), Aller Ranch (site 10), Hass Ranch 
(site 11), Below East Boulder (site 12), 8 Mile Bridge (site 13), and Near the Mouth (site 
14). The protocols included the collection and analysis of: periphyton, macroinvertebrate 
community composition, and late-summer stream-bottom chlorophyll a levels, metals 
concentrations in fine bed sediments (< 0.062 mm), and water column samples. This last 
was analyzed for a broad suite of water chemistry parameters, including total metals, 
common ions, total suspended solids (TSS), and total dissolved solids (TDS). The first 
set o f the monthly nutrient samples was also collected in August 1999.
In light o f the numerous complaints of profuse algal growth from local residents, algal 
and chlorophyll a levels were surprisingly low when sampled in August 1999, and 
filamentous algae was not noticeable to the casual observer. As a result, a visual 
inspection of the river was conducted during each of the subsequent nutrient sampling 
occasions to determine the timing and location of the algal growths that had raised local 
concern. In June of 2000 and 2001, noticeable levels o f the filamentous algae Ulothrix 
zonata were observed in the Boulder upstream of Natural Bridge. In both years, the river 
was visited several times during the approximate two-week period when the Ulothrix
growth was most profuse, and chlorophyll a samples were collected when algal levels 
appeared to have reached their maximum levels based on visual observation.
For the August 1999 sampling, algal biomass samples were collected by the method 
described in Watson and Gestring (1996). Streambed cobbles between 10 and 20 cm in 
size were selected randomly from areas between 20 and 40 cm in depth where water 
velocities were between 0.3 and 0.6 m/s. A flexible template with a window 2x2 inches 
was placed on each rock and the attached algal material was scraped off with a single 
edge razor blade. At each site, fifteen samples were collected over an area o f at least 
10x10 meters. These samples were stored frozen until analyzed. The analytical lab 
composited all the samples from a site and reported a single value; hence there is no 
measure of variability at each site. For the Ulothrix sampling in 2000 and 2001, samples 
were collected in a similar manner except that sampling was not random, but instead 
focused on the areas o f heaviest algal growth, and thus results represent the maximum 
concentrations present on those sampling dates.
The August 1999 DEQ stream assessment also included a one-time assessment of the 
physical habitat o f the Boulder River and its riparian areas using DEQ’s standard method, 
which is included in Appendix A. This semi-quantitative assessment evaluates how 
similar a site is to a reference site or composite reference for the ecoregion and produces 
a numerical score o f the physical health o f the stream reach that is calculated as a percent 
o f the maximum score possible (assuming reference has maximum score). Typically, 
sites with scores greater than or equal to 75% of maximum values are considered to be 
functioning properly by the DEQ. For the purpose of the physical assessment, the 
Boulder was divided into 7 reaches based on similar watershed characteristics and land
use. In each reach, the habitat was evaluated at each public access point and on private 
property where access was granted, and the final score is assumed to reflect the “typical” 
condition o f the reach based on this inventory. Aerial photographs were used to interpret 
average riparian width and condition for each reach and to confirm that sites that were 
visited on the ground were representative o f the reach in which they occurred.
All water quality samples were collected and preserved according to methods 
described in MDEQ’s Standard Operating Procedures Manual (MDEQ 1999), which is 
EPA approved. All water samples were sent to Energy Laboratories, Inc., an EPA 
approved laboratory, for analysis. A list parameters and analysis methods is presented in 
Appendix B.
Macroinvertebrate samples were analyzed by Wease Bollman of Rhithron Biological 
Associates, and periphyton samples were analyzed by Loren Bahls, Ph.D. o f Hannaea. 
Bollman and Bahls are respected taxonomists who have developed a series o f metrics that 
allow them to evaluate stream condition and causes of impairment from the species 
composition of macroinvertebrate and periphyton community samples. DEQ and 
numerous other state and federal agencies rely on these professionals.
Fine bed-sediment samples were collected from depositional areas and filtered 
through a 0.062 mm filter using river water to wash the sediment through the filter. At 
each site where fine bed sediment was sampled, small amounts of sediment were 
collected from a random spot in each of five different depositional areas, and these five 
samples were composited to form a single sample. Samples were stored unpreserved 
until analyzed. The analysis method appears in the lab’s data sheets in Appendix C.
RESULTS AND DISCUSSION 
Streamflow
Streamflow on the Boulder River has been measured by the United States Geological 
Survey (USGS) at its gauging station near Big Timber, near the mouth of the river, since 
1948 (Figure 6). Over the period of record, discharge in the winter months has averaged 
between 100 and 150 cubic feet per second (cfs). Spring runoff begins in April, with 
peak flows averaging 2771 cfs. The falling limb of the hydro graph begins in late June or 
early July; late summer and fall flows average approximately 200 cfs.
In 1999, the first year o f the study, discharge was very similar to the long term 
average, with slightly below average flows in the late summer and early fall of that year. 
However, in 2000 and particularly in 2001, stream flow at Big Timber was well below 
the long term average for the Boulder River. Peak flows reached only 2,181 and 1484 cfs 
in 2000 and 2001 respectively, and streamflow dropped as low as 25.5 cfs in August 
2001. On all occasions except the first sampling date, stream flows in the Boulder were 
below average when water sampling was conducted (Table 6).
Although below average flows in the Boulder River characterized the study period, 
1997 was an unusually high flow year for the Boulder. Stream flow on June 5, 1997 was 
9,940 cfs, the highest ever recorded at the USGS gauge at Big Timber. It is possible that 
this flood could have scoured away the high algal levels that drew complaints in the early 
and mid 1990s, and algal levels may not have recovered by the time of this study.
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Nutrients
Although phosphorous and nitrogen are essential to the health and proper functioning 
o f aquatic ecosystems, excessive amounts o f these nutrients can stimulate the growth of 
nuisance levels of algae, which can in turn interfere with the beneficial uses of streams 
and rivers. In excess amounts, algae can produce unpleasant tastes and odors in drinking 
water, taint the taste o f fish flesh, produce allergic reactions in humans, clog and corrode 
water supply and irrigation systems and equipment, alter the composition of 
macroinvertebrate and fish communities, and interfere with aesthetic and recreational 
uses o f rivers and streams (Nordin 1985). Despite the potentially detrimental effects of 
nutrient-induced algal growth and the obvious need for regulatory guidelines, no 
enrichment-specific water quality criteria have been established for phosphorous and 
nitrogen. Currently, the only nutrient standards that exist at the federal level are designed 
to protect drinking water from toxic levels of nitrate, and are inadequate for preventing 
eutrophication of lakes and rivers. EPA has directed the states to develop nutrient criteria 
and Montana is in the process o f developing such standards (Suplee pers. com).
The only nutrient standards that have been adopted in Montana at the time of 
completion of this thesis are for the Clark Fork River in western Montana (see Table 7). 
These nutrient limits are designed to prevent the growth of nuisance levels o f attached 
algae (Tri-State Implementation Council 1998; Watson et al., 1999).
The EPA has provided guidelines to the states for the development o f nutrient 
standards, and has recommended nutrient criteria for each eco-region of the US (EPA 
2000). Criteria for nutrients in the Western Forested Mountains (Eco-region II) include 
refined Level III subregions within Montana. The two most applicable Level III
ecoregions for the Boulder River Watershed are ecoregion 16 (Montana Valley and 
Foothill Prairies), which would apply in the Boulder downstream of Natural Bridge, and 
ecoregion 15 (Northern Rocky Mountains) which would apply in the Boulder upstream of 
Natural Bridge. Nutrient criteria were established based on the 25^’’ percentile o f nutrient 
concentrations in the population of all streams in a region for which nutrient data were 
available. The EPA criteria (summarized in Table 8) have not been adopted by the state 
o f Montana, and their suitability to the Boulder River is not currently known. The Clark 
Fork River is in ecoregion 16, and its standards and targets are similar to the criteria 
proposed for this ecoregion, lending some validation to the national criteria.
Total Phosphorous (TP)
In this study, 75% of sampled TP concentrations fell below the upper Clark Fork 
standard of 20 ug/1, and all samples fell below the lower Clark Fork standard of 40 ug/1. 
However, most samples exceeded EPA’s Region 15 and 16 targets (Figure 7). Boulder 
River TP concentrations exhibited little between-site variability and provided no evidence 
o f significant human-caused phosphorous sources in the Boulder upstream of Natural 
Bridge and Hass Ranch (site 11). Between site 2 (Box Canyon Ranger Station) and site 
10 (Aller Ranch), an area that encompassed the suspected nutrient sources in the upper 
Boulder, median TP concentrations varied little. Median total phosphorous was 11 ug/1 
at site Box Canyon (2), rose slightly to 12.5 ug/1 at Hicks Park Campground (3) and then 
returned to 11 ug/1 at Flemming Bridge (4), Aspen Campground (6), Clydehurst (7), and 
Falls Creek (8). Median TP declined slightly to 10 ug/1 at Whispering Pines (9) and then 
rose to 12 ug/1 at site Aller Ranch (10). In the River below Natural Bridge, median TP
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was 11 ug/1 at all sites except at the mouth of the Boulder (14), where it was 13 ug/1.
This variability is probably within the error of the analytical test.
Nitrate+Nitrite Nitrogen
Nitrate+nitrite levels in the river (Figure 8) were not well characterized above Hicks 
Park (site 3). Some of the highest median nitrate levels were observed at Hicks Park 
Campground (3) and Flemming Bridge (4), both upstream of the most concentrated 
development on the upper Boulder (developed sites include 6-10). The range of 
nitrate+nitrite concentrations was also wider and the maximum concentrations higher at 
these sites than in the more developed areas o f the upper Boulder. These findings suggest 
that human-caused sources were not measurably elevating nitrate+nitrite concentrations 
in the upper river during the study period. However, only a detailed groundwater study 
could sort out whether potential sources are having an impact. Median nitrate+nitrite 
concentrations increased only slightly in the lower river, except below the confluence of 
with the West Boulder (site 13), where the median concentration increased 35 ug/1. With 
the exception of 3 sites (3, 4, and 13), 75% of the samples from all sites were below 
EPA’s nitrate/nitrite criteria for Region 16. However, 50% or more of the samples at 4 
sites exceeded the criteria for Region 15, and many other sites had a substantial number 
of samples that exceeded the Region 15 criteria. Since nutrients are often higher in 
groundwater than in surface water, low surface water levels during the study period 
probably resulted in higher than typical nitrate levels in the river.
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Total Nitrogen (TN)
Because nitrate+nitrite concentrations were very low, the TN values reported here are 
almost entirely the results o f TKN concentrations. Median total nitrogen (TN) levels 
(Figure 9) showed more variability than TP or nitrates. At the sampling sites in the most 
heavily developed portions o f the upper Boulder— Clydehurst (7), Falls Creek (8), and 
Whispering Pines (9), TN concentrations were not markedly elevated above 
concentrations in the less developed, upstream portions of the river. Median TN 
concentrations in the Boulder below Natural Bridge were lowest at Hass Ranch (10 ug/1) 
and increased slightly downstream, reaching a maximum of 288 ug/1 at the sampling site 
near the mouth of the Boulder (14). The median values at most sites were below Region 
16 criteria but above Region 15 criteria.
Chlorophyll a
Heavy growth of attached algae can rapidly deplete available nutrients, so low 
concentrations of nutrients in the water column do not necessarily indicate that a water 
body is free of eutrophication. Hence, the standing crop of attached algae (as measured 
by chlorophyll a levels) is often used as an indicator of excessive nutrient enrichment. As 
is the case with nutrients, there are currently no national or statewide standards for 
acceptable levels o f attached chlorophyll a. The standards for the Clark Fork River are 
based in part on the work of Richard Nordin, o f British Columbia’s Water Quality Unit, 
who reviewed the commonly used methods of measuring algae productivity in streams 
and rivers and concluded that attached algae biomass as estimated by the amount of
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chlorophyll a per square meter o f stream bottom was the most accurate and technically 
feasible method (Nordin 1985). Based on a literature review, Nordin estimated the level 
o f algal biomass in a stream or river likely to impair beneficial uses. He concluded that 
to protect recreational and aesthetic uses in streams and rivers of British Columbia, 
chlorophyll a should not exceed 50 mg/m^, and that to protect aquatic life from adverse 
changes, chlorophyll a should not exceed 100 mg/m^ (Nordin 1985). The Clark Fork 
standards are also based on the work of Eugene Welch, who determined that at 
chlorophyll a levels greater than 100-150 mg/m^, nuisance levels (coverage exceeding 
20%) of filamentous algae are likely to occur, and significant changes in the aquatic 
community are likely to result (Welch et al., 1987). Based upon Welch and Nordin’s 
conclusions, the maximum acceptable level of chlorophyll a in the Clark Fork River was 
set at 100 mg/m^ as a summer mean and 150 mg/m" as a maximum at any one sampling 
time (Tri-State Implementation Council 1996). These nuisance prevention criteria are 
believed to be applicable to a wide range of rocky bottomed rivers in Montana, including 
the Boulder River (Watson, pers.com.).
Chlorophyll a samples were collected on three occasions during the course of this 
study. The first was in August o f 1999 to document late-summer concentrations. The 
second and third occasions were in June of 2000 and 2001 to document the extent of the 
Ulothrix zonata bloom that occurred in the Boulder on these occasions. Late summer 
chlorophyll a samples were collected at the original seven sampling locations that were 
initially established in 1999 for the DEQ beneficial use determination assessment. June 
Ulothrix sampling was limited to the river above Natural Bridge because this is the area 
o f the visible Ulothrix gro^vth.
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Late summer (August 1999) chlorophyll a levels in the Boulder River were far below 
the Clark Fork standard at all sites sampled (Figure 10). Algal levels ranged from a low 
of 4.2 mg/m^ at Basin Creek (I) to a high of 22 mg/m^ at the site below the confluence 
with the East Boulder (12). In the river above Natural Bridge, where excessive algae 
growth was common in the early 1990’s (Levine 1996), late summer 2000 chlorophyll a 
concentrations did not exceed 6.1 mg/m^. These low chlorophyll a concentrations may be 
due to the fact that the highest flow (9940 cfs) ever recorded at the USGS Boulder River 
gauging station near Big Timber occurred three years previously, on 6/5/97. By scouring 
and dislodging the rocks upon which algae grows, this flood flow could have reduced 
algae density to an unusually low level from which the algae (and hence chlorophyll a 
levels) had not yet had time to recover.
Although samples of late-summer chlorophyll a were taken only once, in August 
1999, a visual algae inspection was conducted during each water quality sampling visit, 
including the late summer periods o f 2000 and 2001. Based on these visual inspections, 
the August 1999 chlorophyll a concentrations approximately reflect the maximum late 
summer algae levels observed in 2000 and 2001.
Attached algae is usually sampled for standard compliance in mid -  late summer 
because that is when high levels are most likely to interfere with beneficial uses like 
recreation, irrigation, or support of aquatic life. The timing of peak levels varies 
depending on the type of algae and the year-to-year pattern of flows in the stream 
(Watson, pers.com, Dodds 1991). The only visually noticeable filamentous algae 
observed during the study period occurred early to mid-June in 2000 and 2001 in the 
river above Natural Bridge. Samples o f these algae were collected in June 2000 and sent
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to Loren Bahls, PhD. of Hannea for analysis. Dr. Bahls identified the algae as Ulothrix 
zonata.
Although samples were taken for chlorophyll a analysis in June of 2000 and 2001, the 
2000 samples were inadvertently destroyed by the lab; hence the only results available 
are from 2001. Nevertheless, the sampling locations and the levels of U, zonata growth 
were essentially the same in both years, so these results should be approximately 
representative of algal density in 2000 as well as 2001. Samples were intentionally 
collected from the areas o f heaviest growth to document maximum concentrations.
Chlorophyll a concentrations during the Ulothrix bloom (Figure 11) were highly 
variable, ranging from a low of 36 mg/m^ at Clydehurst (7) to a maximum of 135 mg/m^ 
at Flemming Bridge (4). At all sites, except Clydehurst (7), chlorophyll a levels from the 
Ulothrix bloom exceeded the 50 mg/m^ identified by Nordin (1985) as being protective 
of recreational and aesthetic uses. Only at Flemming Bridge (4) did the chlorophyll a 
level exceed the 100 mg/m^ mean summer chlorophyll standard identified as being 
protective against changes in aquatic life. No Boulder station exceeded the Clark Fork 
peak chlorophyll standard of 150 mg/m^.
Although Ulothrix was sampled at only 7 sites, this alga was observed throughout the 
reach upstream of Aller Ranch (site 10), with the exception of the Hillary Bridge area 
(between sites 3 and 4). The algae’s absence from the Hillary Bridge area probably 
results from the relatively small gravel substrate in this part o f the river, which is more 
easily dislodged by high flows, thus scouring the rocks of algae and precluding the 
development of noticeable filaments. Elsewhere in the Boulder River, Ulothrix was 
observed growing on small cobbles and larger rocks in areas of shallow (< 2 ft), slow
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flowing water. In most places, this apparent combination of habitat requirements limits 
Ulothrix to the areas along the stream banks and to shallow riffle areas. Deep and/or fast 
flowing water appears to preclude the growth of Ulothrix. As a result, the algae typically 
occupies only a small fraction of the stream area. However, in places where larger areas 
o f suitable habitat exist, and particularly where exposure to the sun is high, Ulothrix can 
form large mats in the upper Boulder. Because Ulothrix growth takes place during the 
falling limb of the spring hydrograph, falling water levels leave the algae exposed on dry 
rocks, thus limiting its growth to a period of approximately two weeks in most areas in 
June of 2000 and 2001.
Other Water Chemistry
Water quality samples were analyzed for 21 metals. Results are presented in 
Appendix B. In general, concentrations of total recoverable metals were below state 
water quality standards at all sampling sites. Twelve of the 22 metals were below 
detection at all sites. Most o f the other metals were present at concentrations only 
slightly above detection and still below water quality standards. However, the 
concentration of total recoverable aluminum at Sites 12 (Below East Boulder) and 13 
(Below West Boulder) was 200 ug/1, and at site 14 (near the mouth) it was 100 ug/1. The 
chronic aquatic life standard for aluminum is 87 ug/1 dissolved aluminum. Although it is 
impossible to know for certain what fraction of the total recoverable aluminum found in 
this study is dissolved, it is likely to be quite low. A large fraction of total aluminum 
found in Montana streams is typically in the particulate form, and thus the levels of 
soluble A1 at sites 12-14 are not likely to be of concern (Brick, pens. com.). Additionally,
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there is no known source of human-caused aluminum upstream of Site 12, which 
suggests that aluminum levels in the Boulder are the result of natural processes. Second, 
the concentration of total recoverable iron at Sites 12, 13, and 14 was 0.28, 0.16, and 0.11 
mg/1 respectively. Although these levels are well below those that could be harmful to 
human or aquatic life, they are approaching 0.3 mg/1 total recoverable iron, the 
concentration at which iron can start to interfere with aesthetic properties such as taste, 
odor, and staining (MDEQ 1999).
Metals in Fine Bed-Sediment
Concentrations o f metals in the fine sediments (<0.062 mm) of the Boulder River 
were below levels considered harmful (Appendix C). While no standards currently exist 
in Montana for metals in sediment, the Washington State Department of Ecology has 
released preliminary values that can be used for comparison (WSDE 1997). Levels of 
metals in all sediment samples collected from the Boulder River were below the 
Washington State standards. Of potential interest, however, is the copper concentration 
o f 65 mg/kg at Site 1 (Basin Creek). The concentration dropped to 7 mg/kg at Aspen 
Campground (6), and is no higher than 13 mg/kg at any of the other sites (Figure 12). 
Historic mining in the vicinity of Basin Creek could account for this possibly elevated 
concentration. However, even at the Basin Creek site, the concentration of copper was 
well below the proposed Washington State standard of 390 mg/kg. Because only one 
sample was taken at each site, no estimate o f variability is possible; hence it is not 
possible to say for certain whether the values measured at each site differ significantly.
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Macroinvertebrate Habitat Assessment and Community Composition Assessment
The macroinvertebrate portion of this study consisted of two parts; first, an assessment 
o f the macroinvertebrate habitat conditions at each site, and second, an assessment of the 
species composition o f the macroinvertebrate community itself.
Macroinvertebrate Habitat Assessment
Macroinvertebrate habitat assessment enhances the interpretation of macroinvertebrate 
data (Barbour and Stribling 1991). If health of the macroinvertebrate community appears 
more damaged than the habitat quality would predict, then water pollution might be 
suspected as a cause of impairment (Bollman 2000). Macroinvertebrate habitat 
assessment was conducted according to standard DEQ methods (described in methods) 
that result in a numeric score for each location that is based on the percent of the 
maximum score possible (based on a reference site or ecoregion composite).
Macroinvertebrate habitat assessment results are summarized in Tables 9 and 10 and 
Figure 13 (Bollman 2000). Macroinvertebrate habitat was rated as optimal at the tliree 
locations in the upper Boulder above Natural Bridge — Basin Creek (1), Aspen 
Campground (6) and Aller Ranch (10), received scores of 98, 96 and 88 percent of 
maximum, respectively. Macroinvertebrate habitat was also optimal at three o f the four 
sites in the lower river below Natural Bridge. At Hass Ranch (11) and near the mouth 
(14), macroinvertebrate habitat received a score of 82.5 and at site 3 it was 88. Only at 
Hass Ranch (11) was the macroinvertebrate habitat rated as sub-optimal, receiving a 
score o f 76.5. At this site, streambanks were moderately unstable and riparian vegetation 
had been impacted by grazing.
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Macroinvertebrate Community Assessment
As explained in methods, the macroinvertebrate community of the Boulder River was 
assessed using six standard DEQ metrics that result in a numeric score for each site that is 
based on the percent o f the maximum score possible. Results are summarized in Figure 
14 and Table 11.
In the upper river above Natural Bridge, the three sites sampled supported 
macroinvertebrate communities that indicated excellent water quality and full support of 
beneficial uses. Below Natural Bridge, Hass Ranch (11) and the site near the mouth (14), 
sampled macroinvertebrate communities indicated “full support” o f beneficial uses 
despite evidence of “slight impairment”. At the sites below the East Boulder (12) and 
below the West Boulder (13), sampled macroinvertebrate communities indicated only 
partial support o f beneficial uses and slight water quality impairment (Bollman 2000).
Periphyton
Algae are present in all streams, and, as primary producers, are directly affected by 
physical and chemical factors such as temperature, nutrients, and toxins; thus algae 
community composition provides a useful indication of the biological integrity of streams 
and rivers (Bahls 2000).
In general, periphyton samples collected from the Boulder River (summarized in 
Table 12) indicated good to excellent biologic integrity, little or no impairment, and full 
support o f beneficial uses.
The periphyton community was evaluated based on a suite o f nine metrics, which, 
unlike the macroinvertebrate metrics discussed above, are not combined into a single
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score for each site, but are instead evaluated individually. At five o f the seven sites 
sampled, all nine indices indicated full support of beneficial uses. At the other two sites. 
Basin Creek (1) and Hass Ranch (11), eight of the nine indices indicated full support, 
while the ninth, percent abnormal cells, indicated moderate impairment and partial 
support o f beneficial uses. The abnormal cells at Basin Creek (1) may have been caused 
by low-level toxicity from metals released by historic mining in the area. The cause of 
the abnormal cells at Hass Ranch (11) is unknown and may be natural in origin (Bahls 
2000).
Stream Reach Assessment
The stream channel and riparian habitat of the Boulder River above Natural Bridge 
were scored as being in generally excellent condition, with scores ranging from 91% to 
95% of potential (Figure 15, Table 13). Riparian vegetation is mostly intact, growing 
and reproducing vigorously, except for relatively infrequent breaks where development 
has taken place. The channel itself is well-armored by rock, and, with a few exceptions, 
appears largely stable. The Boulder is able to access its floodplain, except where 
naturally confined by the often narrow valley.
Below the Natural Bridge, the valley widens and is dominated by agricultural uses. 
These uses, while not incompatible with stream and riparian health, do take an inevitable 
toll on the land, which is reflected in the somewhat lower health assessment scores for the 
lower river. Scores in the lower river were 81 at Hass Ranch (11), below the West 
Boulder (13), and near the mouth of the Boulder (14). At the site below the East Boulder 
(12), the score was 78. In general terms, the lower river is characterized by more
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frequent breaks in the riparian vegetation, less regeneration of woody riparian vegetation, 
and more severe bank instability, as reflected by the occasional presence o f riprap, 
actively eroding banks, and instream sediment. The degree to which these changes are 
natural vs. human-caused is difficult to determine with a qualitative, visual assessment of 
this sort, but given pervasive alteration of the Boulder and its floodplain in the lower 
river, it seems likely that a significant portion results from human activity.
It should be emphasized that although no stream segment scored lower than 75 (a 
score lower than 75 indicates impairment), the four reaches in the lower river scored only 
a few points higher (78 - 82), thus narrowly escaping impairment classification. Overall, 
the channel and riparian habitat of the lower Boulder are probably best characterized as 
non-impaired, but threatened, and should be watched carefully for signs of further 
degradation.
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CONCLUSIONS 
Is T H E  B o u l d e r  i m p a i r e d  b y  n u t r i e n t s  a n d  a l g a e ?
Based on the data collected in this study, it does not appear that the growth of the 
filamentous green algae Ulothrix zonata is controlled by anthropogenic nutrient 
enrichment to the Boulder River. First, nutrient concentrations in the river above Natural 
Bridge where Ulothrix zonata was found show no obvious correlations with development 
in the watershed. Concentrations of both nitrogen and phosphorous are in fact higher in 
the relatively undisturbed portions of the river than they are in developed areas. Second, 
Ulothrix zonata growth, as measured by chlorophyll a concentrations, appears to be 
uncorrelated with both development and nutrient concentrations. In general, Ulothrix 
zonata appears to thrive throughout the upper Boulder regardless of nutrient 
concentrations so long as suitable habitat o f cobble substrate, shallow and gently flowing 
water, and exposure to direct sunlight, is present.
The scientific literature on Ulothrix zonata lends credence to the idea that the algae 
can grow in profuse blooms in low nutrient settings without anthropogenic nutrient 
inputs. Welch et al., (1998) noted that dense mats of Ulothrix have been found to occur 
in spring in oligotrophic streams where they are not expected, a situation that appears to 
be analogous to the Boulder. In a study comparing streams in old growth and clearcut 
areas o f a forest, Bilby and Bisson (1992) found dense springtime blooms of Ulothrix sp. 
in nitrogen-limited clearcut area streams, despite a low average nitrate+nitrite 
concentration of 9 ug/1 over two years of monthly sampling. Very little green algae was 
found in the old gro’wth stream in spite of a significantly higher mean nitrate+nitrite
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concentration of 22 ug/1, suggesting that the increase in solar radiation as a result of 
canopy removal in the clearcut areas was largely responsible for the increase in green 
algae. Although it is possible that the lower nitrate+nitrite concentrations in the clearcut 
area streams were the result of uptake by algae, monthly sampling combined with a short­
lived algal bloom make this scenario unlikely. Ulothrix blooms began in spring and were 
gone by early June. Otherwise both locations were dominated by diatoms. Likens et al. 
(1970) found that increases in nitrate were detectable even when accompanied by a 
Ulothrix bloom in a clearcut watershed, but relative sizes of the streams studied by 
Likens et al and Bilby and Bisson may make comparisons questionable. Jourdonnais and 
Stanford (1985) found that Ulothrix growth in the littoral zone of Flathead Lake Montana 
was uncorrelated with groundwater contamination from shoreline drainfields. Similarly, 
Ulothrix growth in the upper Boulder appears to be uncorrelated with the presence of 
septic systems in developed areas.
One way o f deciding if the upper Boulder is impaired by filamentous algae is to 
consider the question without reference to the Ulothrix zonata blooms in June. Doing so 
reveals that the nutrient levels in the upper Boulder are generally below Clark Fork 
nutrient standards. Although Boulder nutrient concentrations did frequently exceed EPA 
region 15 and 16 guidelines, the suitability of these guidelines to the Boulder River is 
currently unknown. Assuming the Clark Fork standards are the most applicable to the 
Boulder, nutrient levels in the Boulder River generally appeared to be below levels 
thought to be capable o f supporting nuisance levels of algae. In addition, Boulder 
nutrient levels generally decline from the upstream sites through the developed areas, 
suggesting that human-caused sources are not increasing nutrient concentrations
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noticeably. Late-summer chlorophyll a concentrations are also below Clark Fork 
standards. Macroinvertebrate and periphytyon analysis are indicative of a clean mountain 
river, with no evidence o f human-caused nutrient enrichment. Thus, without the Ulothrix 
zonata June blooms, the Boulder River above Natural Bridge showed no evidence of 
impairment by algae in 1999 - 2001.
If one now considers the reaches with Ulothrix blooms, little changes. Although June 
chlorophyll a levels were higher than in August, they were below the Clark Fork River 
summer maximum standard, and Ulothrix growth is generally limited to a small portion 
of the stream channel for a relatively brief period of approximately two weeks. Because 
Ulothrix samples from the Boulder were deliberately taken from the areas of most 
concentrated growth, while the Clark Fork standards apply to samples that are collected 
randomly at one depth in the wadeable stream channel, Boulder River chlorophyll a 
levels probably fall below the Clark Fork standards by an even wider margin than 
reported here.
Boulder nutrient levels are below Clark Fork standards and are apparently 
uncorrelated with development and uncorrelated with Ulothrix levels. The scientific 
literature indicates that Ulothrix zonata grows profusely in spring in streams where 
nutrient levels are far lower than in the Boulder. Thus it appears likely that the growth of 
Ulothrix in the Boulder is controlled by natural processes, and that beneficial uses were 
not impaired by excess nutrients and algae in 1999 ~ 2000 in the upper Boulder, despite 
the Ulothrix blooms.
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Is T H E  B o u l d e r  s u p p o r t i n g  i t s  b e n e f i c i a l  u s e s ?
As o f 2001, the Boulder River appeared to be fully supporting all o f its beneficial 
uses. According to Montana DEQ’s rules for determining use support (available: 
http://www.amsa-cleanwater.org/advocacy/wqmar/montanameth.pdf), for aquatic life to 
be fully supported, no more than one data category (physical/habitat, biological, and 
chemical) can indicate moderate impairment; or no more than one biological assemblage 
(periphyton and macroinvertebrates) can indicate moderate impairment. Impairment 
classification for all parameters sampled in the DEQ stream assessment at the 7 stations is 
summarized in Table 14. Only macroinvertebrates (at stations 5 and 6) indicate less than 
full support o f beneficial uses. All other data categories indicate full support, placing the 
Boulder in the fully supporting category. Although nutrient levels exceeded EPA Region 
15 and 16 draft criteria, the suitability o f these criteria to Montana streams has not been 
evaluated. It is assumed here that the Clark Fork standards are the most relevant to the 
Boulder River at the time of this report.
Impairment classifications for each parameter were determined as follows: 
Macroinvertebrates: Macroinvertebrate community analysis indicated partial support of 
aquatic life at sites 5 and 6, and full support at all other sites.
Periphyton: Analysis o f attached algae communities indicates full support of aquatic life 
at all sites.
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Chlorophyll a: In late summer when high algal are most likely to cause water quality 
problems, chlorophyll a levels in the Boulder did not exceed 22 mg/m^, well below levels 
that constitute a nuisance or are considered harmful to aquatic life support. Spring 
chlorophyll concentrations from Ulothrix zonata in the river above Natural Bridge are 
somewhat higher, but there is no evidence that these concentrations are unnatural, and 
they are below the Clark Fork chlorophyll a standard.
Nutrients: Boulder total phosphorous levels were below the Clark Fork standard at all 
sites. Median total nitrogen concentrations exceed the Clark Fork standard at several 
sites in the upper Boulder. However, these sites are upstream of most of the development 
on the Boulder, and total nitrogen concentrations generally declined in a downstream 
direction; hence it appears likely that total nitrogen levels are natural, and do not reflect 
human-caused nutrient impairment. Nitrate + nitrite concentrations, which are a better 
measure o f bioavailable nitrogen, are also higher at the upstream sampling stations, again 
suggesting that human-caused sources of nitrogen do not impair the Boulder River. 
Although Boulder nutrient concentrations frequently exceeded draft EPA region 15 and 
16 criteria, these criteria may not be appropriate to the Boulder River and appear to be 
unrealistically low given that they were exceeded even in the undeveloped portions o f the 
upper Boulder River surrounded by designated wilderness.
Metals in sediment: Metals in Boulder sediment were measured below Washington State 
standards set to protect aquatic life (Newby, pers. com.)
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Other water chemistry: No violations o f state water quality standards were found.
Metals in the water column were below Montana water quality standards.
Dewatering: The irrigation diversion structures that were the reason the Boulder was 
placed on the 2000 303(d) list have been removed according to the Montana Fish, 
Wildlife and Parks (Mike Poore, pers. com.).
RECOMMENDATIONS
Although the Boulder River currently appears to support its beneficial uses, the river 
also appears to be nearing thresholds at which further impact could undermine water 
quality in the basin. Fortunately, the Sweet Grass Conservation District has worked with 
local residents and the DEQ to establish a Boulder River Watershed Group to address 
existing water quality problems and to prevent new threats to water quality from arising. 
The primary goal o f the group is to develop a water quality restoration plan that can be 
used for long-term management planning in the Boulder River watershed. This plan 
entails identifying areas in need of improvement, and developing mitigation measures 
and management strategies that would ultimately meet the long-term water quality goals 
o f the group (Mathieus pers. com.).
The group has received funding from the state for two preliminary studies to identify 
major impacts throughout the Boulder River Watershed, and help landowners propose 
and prioritize future improvement projects. The first study aims to understand more fully 
the extent and impacts o f noxious weed infestations, stream bank erosion, residential 
development, stream bank stabilization measures, and in-channel infrastructure
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(irrigation, stream crossings, etc.), and to identify opportunities for 
improving/maintaining stream channel stability and riparian plant community health.
The second is an irrigation efficiency study, the primary goal of which is to identify 
inefficiencies in irrigation systems throughout the watershed (Mathieus pers. com.). The 
Montana Department o f Fish, Wildlife and Parks has estimated minimum flows needed to 
protect the fishery and has reserved a water right to this minimum flow (Williams pers. 
com).
In addition to these studies, it is recommended that the group visually monitor algal 
levels. If  algal levels seem to increase noticeably, or there is a 10% increase in septic 
systems in the watershed, then nutrient and chlorophyll a monitoring should be resumed, 
especially at key sites above Natural Bridge. Nutrient monitoring should be conducted 
quarterly at a minimum for nitrate/nitrite nitrogen, total nitrogen, and total phosphorous. 
Although soluble phosphorous was not monitored in this study, it should be included in 
future monitoring efforts if possible to help identify potential sources of human-caused 
nutrients. Chlorophyll a monitoring should also accompany nutrient monitoring, and 
sampling should be conducted twice annually, once in late summer and once in June 
during the period of Ulothrix zonata growth. Samples should not be composited so as to 
give an estimate of variability, allowing a statistical evaluation of significant increased in 
algal levels. In order to minimize the costs o f sampling, a smaller number of sampling 
stations than used in this study could be monitored. Critical sites include above Box 
Canyon Range Station (site 2) as a measure o f reference conditions; Aspen Campground 
(site 6), above the most concentrated development in the upper Boulder; Whispering 
Pines (site 9), an area of relatively heavy development; Hass Ranch (site I I )  the
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uppermost site in the river below Natural Bridge; and near the river mouth (site 14) as a 
measure o f cumulative impacts and loading to the Yellowstone River.
Given the current protection this area enjoys, the most likely threats to water quality 
are over grazing in the riparian zone and increased stream-side development. Given that 
the nutrient levels observed in the river have supported higher levels o f algae elsewhere, 
protection o f stream-side vegetation that provides shade to the stream should be a 
priority. Obviously, protecting stream-side vegetation provides multiple benefits besides 
reducing the chance of unacceptable increases in algae levels. In addition, maintaining 
the natural flow regime is critical to maintaining high quality habitat and to avoiding 
increases in algal levels.
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Figure Î. Project Location
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Table 1. Boulder W atershed Vegetation Types
V egetation Type A cres %  of A rea
M ixed W hitebark Pine Forest 59,455 17.60
M ixed Subalpine Forest 42,603 12.61
Low/M oderate Cover Grasslands 38,170 11.30
Rock 36,228 10.72
Douglas-fir 31,299 9.26
Lodgepole Pine 30,520 9.03
M ontane Parklands and Subalpine Meadows 15,264 4.52
M oderate/High Cover Grasslands 12,744 3.77
M ixed M esic Shrubs 10,716 3.17
Douglas-fir/Lodgepole Pine 10,505 3.11
Ponderosa Pine 6,466 1.91
Graminoid and Forb Riparian 5,859 1.73
Mixed B roadleaf Forest 5,173 1.53
Low Density Xeric Forest 4,085 1.21
Alpine M eadows 3,784 1.12
M ixed Xeric Forest 3,605 1.07
Sagebrush 3,305 0.98
Mixed Barren Sites 2,959 0.88
B roadleaf Riparian 2,588 0.77
Lim ber Pine 1,962 0.58
Shrub Riparian 1,611 0.48
M esic Shrub-Grassland Associations 1,454 0.43
Standing Burnt Forest 1,163 0.34
Salt-Desert Shrub/Dry Salt Flats 1,159 0.34
W ater 834 0.25
Very Low Cover Grasslands 786 0.23
Altered Herbaceous 772 0.23
Mixed B roadleaf and Conifer Forest 752 0.22
Mixed Riparian 462 0.14
Mixed Xeric Shrubs 347 0.10
Xeric Shrub-Grassland Associations 316 0.09
Rocky M ountain Juniper 295 0.09
Mixed B roadleaf and Conifer Riparian 161 0.05
Conifer Riparian 155 0.05
Urban or Developed Lands 151 0.04
Snowfields or Ice 143 0.04
Agricultural Lands - Irrigated 38 0.01
Badlands 8 0.00
T O T A L 337,900 100.00
(Source: NRIS 2003)
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Figure 3. G eology
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Table 2. U SG S G eologic Mapping Units in the Boulder River Watershed
Lithology A cres %  o f T otal A rea
calc-alkaline intrusive 159,384 47.17
calc-alkaline volcanodastic 42,640 12.62
shale and mudstone 24,899 7.37
alluvium 21,031 6.22
sandstone 20,700 6.13
ultramafic 19,675 5.82
mixed carbonate and shale 18,751 5.55
mixed miogeosynclinal 14,809 4.38
granite 7,394 2.19
glacial drift 5,625 1.66
carbonate 2,727 0.81
granitic gneiss 263 0.08
T O T A L 337,898 100.00
(Source: NRIS 2003)
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Table 3. U SG S G eologic Mapping Unit Definitions
U SG S G eologic M app ing  U nit Definition
Alluvium Unconsolidated sediment (clay, silt, sand, gravel). Includes glacial outwash deposits.
Calc-alkaline intrusive rocks Calc-alkaline suite o f  intrusive rocks. Generally 
granodiorite to diorite.
Calc-alkaline volcanodastic 
rocks
Calc-alkaline suite o f  pyroclastic rocks and volcanic 
flows. Generally andésite to quartz-latite.
Carbonate Sedimentary rock, mostly composed o f limestone and dolomite, locally metamorphosed to marble.
Glacial drift M aterial deposited by glacial processes. Includes till and 
moraine (unstratified) as well as outwash (stratified).
Granite Includes intrusive rhyolitic rocks
Granitic gneiss Dominantly granitic gneiss, migmatite, augen gneiss, and hornblende gneiss.
M ixed carbonate and shale Mixed sequences o f carbonate rock and shale with subordinate sandstone and conglomerate
M ixed miogeosynclinal
M ixed sequences o f  miogeosynclinal sedimentary rocks. 
Includes interlayered shale, siltstone, lithic sandstone, 
quartzite, and conglomerate.
Sandstone M edium-grained detrital sedimentary rock derived fromsand
Shale and mudstone
Fine-grained sedimentary rock derived from clay
Ultramafic Includes associated gabbroic rocks
S o u r c e ;  h t t p : / / g e o - n s d i . e r .u s g s .g o v / m e t a d a t a / o p e n - t l l e / 9 5 - 6 8 0 / m e t a d a t a . f a q . l i t m l
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Figure 4. M ajor Soil Units
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Table 4. N R C S Soil Mapping Units in the Boulder River Watershed
N R C S Soil M ap p in g  Unit Acres %  o f A rea
Shadow-G arlet-M acfarlane 95,069 28.1
Rock O utcrop-Rubble Land-Cowood 72,627 21.5
A bsarokee-H iiger-B ig Tim ber 37,687 11.2
Prospect-Sublette-T  eton 25,645 7.6
Shadow -Com ad-Rock Outcrop 17,013 5.0
Havre-Ryell-H arlem 16,489 4.9
Shadow-Gar let-W ater 15,079 4.5
W hitefish-Gallatin-Helm ville 14,539 4.3
Rock Outcrop-W ater-Rubble Land 13,541 4.0
H elm ville-W hitore-Tropal 11,329 3.4
Sweetgrass-Hilger-Fairfield 8,254 2.4
M irror-Bross-Vasquez 5,861 1.7
Tigeron-Garlet-W orock 4,032 1.2
W orock-Garlet-Rock Outcrop 733 0.2
T O T A L 337,898 100.0
(Source; NRIS 2003)
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Figure 5. Sampling Locations
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Table 5. Sampling Locations on the Boulder River, August 1999 to October 2001
L ocation Site # Description
Miles from 
Mouth
Lat. Long.
B elow  Basin 
Creek* 1
Headwaters site; sampled only once in 
August 1999 62 45 13 00 110 14 59
Box Canyon 
Ranger Station 2
Uppermost site with feasible frequent 
access; above all major development 57.3 45 16 20 110 15 00
Hicks Park 
Cam pground
3 Downstream o f pit toilet in USFS 
campground
56 45 18 04 110 14 30
Flem ming
Bridge
4 Upstream o f most developm ent 46 45 24 12 110 11 32
Shipping Corral 5 Site o f noticeable Ulothrix growth; sampled for Ulothrix only 44 45 25 39 110 11 22
Aspen
Cam pground*
6 Downstream o f USFS campground 42.5 45 27 11 110 11 27
Clydehurst 
Church Camp 7
Downstream o f Clydehurst church camp 41 45 27 48 110 11 59
Falls Creek 
Cam pground 8 Downstream o f USFS campground 39 45 29 28 110 13 14
W hispering
Pines
Developm ent
9
Downstream o f housing development
37.5 45 29 47 110 13 21
Aller Ranch* 10 End o f  major anthropogenic sources above Natural Bridge 36 45 31 28 110 13 03
Hass Ranch* 11 First access below Natural Bridge 20.5 45 34 59 110 10 57
Below East 
Boulder*
12 Below Boulder/East Boulder Confluence 22.5 45 37 43 110 07 20
Below W est 
Boulder* 13
10 yards upstream o f 8 mile bridge 11 45 43 24 110 13 14
Hear the Mouth* 14 1/4 mile upstream o f the confluence with the 
Yellowstone River 1 45 50 48 109 55 37
*Included in the August 1999 beneficial use support determination stream assessment
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Figure 6. M onthly Discharge o f  the Boulder River at Big Timber, 1999, 2000, 2001 and Mean Monthly 
D ischarge 1948-2001 in Cubic Feet per Second (cfs).
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T able 6. Boulder River stream flow at Big Timber on Dates o f  Water Sampling for Nutrients,
Date  o f  
sam pling
Stream flow  (cfs) on 
date o f  sam pling
% o f  average  
flow on this date
A verage stream flow (cfs) 
on this day, 1948 - 2001
8/13/99 473 207% 229
5/1/00 297 76% 390
6/3/00 2,040 85% 2,386
7/15/00 582 46% 1,267
8/4/00 108 30% 362
9/20/00 68 31% 217
10/21/00 154 69% 222
12/9/00 80 51% 158
1/20/01 50 38% 133
2/27/01 75 60% 125
3/18/01 89 67% 132'
4/14/01 94 53% 177
5/18/01 1,050 91% 1,156
6/29/01 1,250 51% 2,443
7/31/01 52 11% 453
8/26/01 18 9% 198
10/20/01 104 46% 224
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Table 7. Clark Fork River N utrient and Benthic Chlorophyll Standards and Targets (Tri-State
Param eter Standard or Target
Benthic chlorophyll a 100 mg/m" (summer mean) 150 mg/m" (sum m er max)
Total nitrogen 300 ug/l
Total phosphorous 20, 39 ug/l'
Soluble inorganic N (target) 30 ug/l
Soluble reactive phosphorous (target) 6 ug/l
Table 8. U.S. EPA N utrient Criteria for Level III Ecoregions 16 and 15 (US EPA 2000)
P aram eter
N um ber  o f  
Stream s
Reported Values Target  
(25*'' Percentiles)Min Max
Region 16: M ontana Valley and Foothill Prairies
N O 2+N O 3 (ug/l) 36 20 1760 60
TN (ug/l)-calculated NA 70 2940 250
TP (ug/l) 51 3.25 370 10
R egion  15: Northern Rockies
N O 2+N O 3 (ug/l) 133 <10 2910 20
TN (ug/l)-calculated NA <100 3830 100
TP (ug/l) 150 <1 760 7.75
Note; The m inim um  values for Region 15 were all reported as zero- 
here, which is more accurate.
-but detection limits were reported
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Figure 7. Boulder River Total Phosphorous Concentrations, August 1999 -  October 2001
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The shapes o f  the boxplots are based on median, quartile, and extreme values o f the data. The box encloses 
the interquartile range, which contains 50% o f the values. The median is displayed as the centerline o f the 
box. The top and bottom whiskers display the maximum and minimum observed values, excluding outliers 
and extreme values.
R16 and R15 represent the EPA ’s draft Region 15 and 16 nutrient criteria, and upper CF and lower CF 
represent the Clark Fork River standards for the river above and below its confluence with the Blackfoot 
River.
CG=Cam pground 
RS=Ranger Station 
CC=Church camp
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Figure 8. Boulder River nitrate+nitrite concentrations, August 1999 -  October 2001, 
.12
*
Station
Box plots are explained in Figure 7. Many o f the samples were below the detection limit o f 10 ug/l; hence 
the m edian lines for several sites were set at Vi the detection limit (5 ug/l).
R16 and R15 represent the EPA ’s draft Region 15 and 16 nutrient guidelines.
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Figure 9. Boulder River total nitrogen concentrations, August 1999 -  October 2001, 
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Box plots are as described in Figure 7.
R I 6 and RI 5 represent the EPA ’s draft Region 15 and 16 nutrient guidelines. CF represents the Clark Fork 
Standard.
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Figure 10. Boulder River attached algae standing crop, August 1999
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Values are based on a single composite sample from each site made by combining 15 replicate samples 
collated by random sampling over an area 100 m“.
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Figure 11. Boulder River maximum attached algae standing crop, June 2001. (note: samples were collected 
in areas with heaviest accumulations o f  Ulothrix zonata)
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Values are based on a single composite sample from each site made by combining 15 replicate samples 
collected by sam pling in the heaviest areas o f  growth.
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Figure 12. Copper Concentrations in Boulder River Fine Bed Sediments, August 1999
Basin Creek (1) /^spen Carrpgrtxrd Alar Ranch (10)
(6)
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Station
Values are based on a single composite sample from each site made by combining 5 replicate samples 
collected from depositional areas at each sampling site.
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Table 9. M acroinvertebrate Habitat Assessment o f  sites dominated by Riffles/Runs, Boulder River, August 
1999. (Bollman 2000)
Max
Possible
Score
Param eter
Basin
Creek
(1)
Aspen
Campground
(6)
Below East 
Boulder 
(12)
8 Mile 
Bridge 
(13)
Near the 
Mouth 
(14)
10 Riffle Development 10 10 10 10 10
10 Benthic Substrate 10 10 10 7 10
20 Em beddedness 18 20 18 20 18
20 Channel Alteration 20 20 18 18 19
20 Sedim ent Deposition 20 18 14 20 16
20 Channel Flow Status 19 18 18 18 12
20 Bank Stability 10/10 10/10 8/8 10/10 9/9
20 Bank Vegetation 10/10 10/9 7/7 7/7 8/7
20 Vegetated Zone 10/10 10/8 7/7 6/6 7/7
160 T o tal 157 153 132 139 132
P ercen t o f M axim um 98 96 82.5 87 82.5
C O N D IT IO N * OPTIMAL OPTIMAL OPTIMAL OPTIMAL OPTIMAL
C ondition categories. O ptim al > 8 0  o f  m axim um  score; Sub-optim al 75-56% ; Marginal 49-29% ; Poor <23% .
Table 10. M acro invertebrate Habitat Assessment o f  sites dominated by Pools/Glides, Boulder River,
M axim um  
Possible Score
P a ra m e te r A ller R anch  (10) H ass R anch  (11)
20 Benthic Substrate 15 18
20 Pool Substrate 18 18
20 Pool Variability 20 18
20 Channel Alteration 20 14
20 Sediment 20 18Deposition
20 Channel Sinuosity 10 15
20 Channel Flow 20 18
Status
20 Bank Vegetation 10/10 7/7
20 Bank Stability 9/9 5/5
20 Vegetated Zone 9/6 5/5
200 T otal 179 153
P ercen t of 
M axim um 88 76.5
C O N D IT IO N * O P T IM A L SUB O P T IM A L
C ondition categories: Optim al >80 o f  m axim um  score; Sub-optim al 75-56% ; Marginal 49-29% ; Poor <23%.
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Figure 13. Boulder River Macro invertebrate Habitat A ssessm ent Scores, August 1999. (Bollman 2000)
{Scores are percent o f  maximum possible based on a composite reference for the ecoregion)
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Figure 14. Boulder River Macroinvertebrate B ioassessm ent Scores, August 1999. (Bollman 2000). Scores
are percen t o f  maximum based on a composite reference fo r  the ecoregion
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Table 11. Macro invertebrate Community A ssessm ent, Boulder River. August 1999. (Bollman 2000)
Metric
Basin
Creek
(1)
Aspen
Campground
(6)
Aller
Ranch
(10)
Hass
Ranch
(11)
Below East 
Boulder 
(12)
8 Mile 
Bridge 
(13)
Near the 
Mouth 
(14)
Ephemeroptera
richness
3 3 3 3 3 3 3
Plecoptera
richness
3 3 2 2 2 2 3
Trichoptera
richness
3 3 3 2 3 3 2
Sensitive taxa 
richness
3 3 3 2 1 0 1
Percent filterers 3 3 3 2 1 3 3
Percent tolerant 
taxa
3 3 3 3 1 2 2
Total Score 
(max = 18)
18 18 17 14 11 12 14
% of maximum 100 100 94 78 61 72 78
Classification* Non-
im paired
Non-impaired Non-
impaired
Slight
impairment
Slight
impairment
Slight
impairment
Slight
impairment
Use support* Full
support
Full support Full
support
Full
support
Partial
support
Partial
support
Full support
^C lassification: >83%  o f  m axim um  = Non-im paired; 54-83%  Slightly impaired, U se support: >75%  o f  maximum = Full support o f  
beneficial uses; 25-75% =Partial support; <25% =Noii-support.
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Table 12. Periphyton Community Structure Analysis Results. Boulder River, August 1999. (Bahls 2000)
Periphyton
Metric
Basin
Creek
0 )
Aspen
Campground
(6)
Aller
Ranch
(10)
Hass
Ranch
(11)
Below East 
Boulder 
(12)
8 Mile 
Bridge 
(13)
Near the 
Mouth 
(14)
Shannon
Species
Diversity
3.5 4.2 4.0 4.2 4.5 Z 9 3.3
Pollution
Index 2.6 2.6 2.7 2.7 2A M M
Siltation Index 4.0 15 16 9.7 23 5.6 5.3
Disturbance
Index NC 12 7.3 9.8 6.3 23 18
N um ber o f  
Species 
Counted
28 43 45 45 49 44 37
Percent
Dom inant
Species
30 26 25 16 21 44 34
Percent
Abnorm al
Cells
1.2 0 0 1.5 0 0 0.24
Percent
Epithem iaceae 0 0 0 0.36 1.7 0 0
Underlined values indicate full support o f  aquatic life uses with moderate impairment. B old v a lu es indicate partial support o f  aquatic 
lit'e uses with moderate impairment. A ll other values indicate full support o f  aquatic life uses w ith no impairment,
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Figure 15. Boulder River Stream Reach Physical Assessm ent Scores, August 1999. Scores are percent o f  
maximum possible.
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Table 13. Montana Department o f  Environmental Quality Stream Reach Assessment Score Breakdown for the Boulder River, August 1999.
Max.
Possible
Score
P aram ete r
Sam pling Station
Basin
C reek
(1)
Aspen
C am pground
(6)
Aller
Ranch
(10)
Hass 
Ranch 
(11) _
Below East 
Boulder 
(12)
Below W est 
Boulder
(13)
N ear the 
M outh 
(14)
20 Riparian Width 13 14 13 13 11 12 14
20 Riparian Breaks 20 19 20 13 12 13 14
20 Riparian Characteristics 20 20 18 13 13 12 13
12 Width/Depth Ratio 11 8 8 6 5 7 5
12 Channel Stability and 
Bar Formation
12 8 9 8 8 12 9
20 Bank Erosion 20 20 20 11 17 19 17
20 Stream Bottom 17 18 20 20 18 20 18
20 Riffles/Pools 20 18 20 20 18 18 18
12 Aquatic Plant Growth 12 12 10 9 5 11 9
12 Turbidit}' 12 12 12 12 12 12 9
12 Surface oils 12 12 12 12 12 12 12
12 Bottom Materials 12 12 12 12 12 12 12
12 Salinization 12 12 12 12 12 12 12
12 Water odor 12 12 12 12 12 12 12
12 Dewatering 12 12 12 10 10 10 12
12 Fish Cover 11 11 10 11 9 11 8
Percent o f Maximum 95 92 92 81 78 81 81
Condition* A A A A A A A
^Condition: A= Non-impairment/Full support (76 -100%); B= Minor impairment/ Partial support (26-75%); C= 
Impairment/Non support (0-25%).
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Table 14. Boulder River Beneficial U se Support by Stream A ssessm ent Parameter
Basin
Creek
(1)
Aspen
Campground
(6)
Aller
Ranch
(10)
Hass
Ranch
(11)
Below
East
Boulder
(12)
Below
West
Boulder
(13)
Near the 
Mouth 
(14)
M acroinvertebrate
Com m unity
Full
Support
Full Support Full
Support
Full
Support
Partial
Support
Partial
Support
Full
Support
Periphyton
C om m unity
Full
Support
Full Support Full
Support
Full
Support
Full
Support
Full
Support
Full
Support
Summ er M ax and 
M ean Chlorophyll a
Full
Support
Full Support Full
Support
Full
Support
Full
Support
Full
Support
Full
Support
Nutrients Full
Support
Full Support Full
Support
Full
Support
Full
Support
Full
Support
Full
Support
O ther W ater 
Chem istry
Full
Support
Full Support Full
Support
Full
Support
Full
Support
Full
Support
Full
Support
Physical Habitat Full
Support
Full Support Full
Support
Full
Support
Full
Support
Full
Support
Full
Support
Metals in Sediment Full
Support
Full Support Full
Support
Full
Support
Full
Support
Full
Support
Full
Support
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Appendix A
DEQ F ield  Forms
6 2
MONTANA DEPARTMENT OF ENVIRONMENTAL QUALITY
STREAM REACH ASSESSMENT FIELD FORM
Instructions: This assessment is meant to be relatively quick, so it is necessaril/subjectivc. As a general 
rule of thumb a surveyor should be able to complete approximately 20 stream miles per day. This procedure 
should only be applied to second, third, and fourth order drainages. Each stream will consist of one or more 
reaches. If more than one reach is assessed, one form will be completed for each reach .
Reaches will be defined by the surveyor and based on relatively homogenous conditions throughout As a
general rule, reach breaks occur where obvious changes in stream condition are detected. The surveyor 
should be aware of changes such as land use, flow, gradient, vegetation, valley form, and channel substrate. 
Reach length should generally range between .5 and 20 miles. If the entire reach is not walked the surveyor
should select fairly accessible observation points that adequately represent the range of conditions for the 
reach. Desirable observation points may include the downstream end of the reach, above and below human 
activities or tributaries.
The surveyor should walk approximately 300’ channel distance at each observation point or enough distance 
to get a representative picture of the situation at that point. If possible, try and observe at least one pool, 
riffle, and run feature at each site. If a stream crossing structure is present try to observe channel conditions 
above and below the area influenced by the structure. Dry channels will obviously preclude or restrict the 
ability to rate parameters such as “turbidity ", “water odor", “water surface oils” and “aquatic plant growth"; 
however, in many cases water is present in isolated pools and the surveyor can rate these parameters. 
“Riffle/pool spacing" and “Riffle/pool characteristics " ratings may be difficult in dry streams, but evidence 
in the channel should allow the surveyor to evaluate these parameters.
Again, one legible form should be completed for each reach, with ratings based on a compilation of average 
conditions for all observation points within the reach. Photos/slides depicting average reach conditions and 
notable features should be taken if possible. A legible stream map of sufficient scale and detail to identify 
reaches, observation/photo points, and any unique features should be completed and attached to the 
assessment forms.
Note: In most cases the information from the assessment forms will be evaluated in the office and entered 
into a central database by someone other than the field surveyor, therefore, it is extremely important that 
all recorded information is complete and legible.
RIVER BASIN MAP (for identifying name of river basin recorded on page 2)
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ST R E A M  REACH A S S E S S M E N T  FORM 
R iv er  B asin  N a tn e  (see m ap on p.I ) _____________Stream Name___________________
R e co r d e rs  N am e,____________ D a te  /  /  C ountv /ies____________________  R each N u m b er (assigned t y  surveyor,
number consecutively starting @  mouth) ______________  L egal D escr ip tion  [Sec., Town., Range]- (D o w n strea m  end)
 (U p str ea m  end)  N a r r a t iv e  D escr ip tion  O f R each___________________________________"
Q u a d  S h eet N a m e(s) -  optional Photo/Slide # 's tf  applicable ________________________________
'L O O K !— Answer all the following questions. I f you are unable to determine record
(N /R ), or if  a parameter is  not applicable (N /A ).
(Please check the one description that best fits each category)
Predominant vegetation and landscape characteristics in the watershed beyond the immediate riparian zone
 -Perennial vegetation (pasture, rangeland, woodland, etc.). flat to rolling landscape
 -Perennial vegetation, rolling to steep landscape
 -M ixed perennial vegetation and annual crops, flat to rolling landscape
 -Cropland, rolling to steep landscape
M ea n d ers
 -Slight Meandering - Relatively straight channel ftith only occasional curves. Travel length is basically the same
as the straight line distance.
 -M oderate meandering * Easy, gradual bends in the channel path
 -Extreme meandering -  Travel length o f  flow  is greater than twice the straight line distance
F lood  F lo w  W id th
 -Floods are confined in narrow canyon with width less that twice that o f  channel
 -Floods confined to a flow  w idth o f  2-3 times the width o f  the channel
 -F loods are unconfined and spill out onto flat valley bottom
G ra d ien t
 -Steep - Continuous rapids
 -Moderate - Alternating rapids, rifiles and smooth surfaced reaches
 -Gradual - Sm ooth surfaced reaches with occasional riffles
 -Flat - Very rare disruptions in  smooth flat surface o f  stream
f Please enter a number within the range o f  the category that best fits 1
1 .A v era g e  w id th  o f  r ip ar ian  zo n e  
16-20_______ - ( > 9 0  ft w ide)
1 1 -1 5  -Varies from  15 to 90  ft
6 - 1 0 _______  -(3 -1 5  ft)
I-5 _______  -Riparian zon e  absent
2 .C o m p Ieten ess  o f  v eg eta tio n  In the riparian zone  
(A ny v eg eta tio n  fu n c tio n in g  to m aintain the ban k)
16 -20_______ -Riparian zon e  intact without breaks in vegetation
I I -1 5 _______ -Breaks occurring intermittently
6 - 1 0 _______  -Breaks frequent with som e gullies and scars every 100 - 150 ft.
1 5 _______  -D eeply scarred with active headcutcing and gully formation all along reach
Is there evidence o f  sedim ent from the upper watershed or riparian area reaching the stream channel?
Y es N o __________I f  yes, p lease describe:______________________
3 . C h a ra c ter is tic s  o f  th e R ip a r ia n  vegetation
16-20_______ -Diversity o f  perennial plant species reflects potential for site; Dense growTh (hard to w alk through); good
plant vigor and age diversity
1 1 - 1 5 ______ -Approximately 60% o f  climax plant species present; p lant vigor stable, density o f  growth mostly open (easy
to walk through)
6 -10    -Little diversity in perennial plant species, and'or age o f  trees; plants scattered; vigor poor
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1 -5 ______  -Site is dominated by annual forbs and weeds; few perennial or clim ax plants present
4. W id th /D ep th  R a tio  fE stim a ted  channel w idth d ivided b y  d ep th  as m ea su red  at the ordinary- high  
w a te r  leve l). T h is  is  th e p o in t w h ere  h igh  flow  n orm ally  r ea ch es  on  th e  b a n k  and  is m ost easily  
d eterm in e d  o n  s tr a ig h t c h a n n e l sections w here the "scoured" ch an n el m ee ts  the "perm anent*  
v eg eta tio n . L o o k  for  ch a ra cter istic s  such as terracin g, so il ch an ges (rock  to  so il), p resfn ce/ab sen ce  
o f  v e g eta tio n  o r  d eb r is .
10 -12_______ -Width/depth ratio < 8
7-9  _______  -W idth/depth ratio 8 to 15
4 -6  _____ __ -W idth/depth ratio 15 to 25
1-3 _______  -Width/depth ratio > 2 5  or stream is channelized or chaiuiel is an incised gully.
5 .C h a n n e l s ta b ility /b a r  fo rm a tio n
10-1 2 _______ -Little or no channel instabili^  resul ting from sediment accumulation
7 -9   ______  -Som e gravel bars o f  coarse stones and well-washed debris present, little silt
4 -6  _______  -Point bars enlarging by gravels, sand and/or silt, new bars forming
I-3  ______  -Channel divided into braids or stream is channelized
6 .B a n k  erosion
16-20._______-Little or none evident, banks appear stable and are held firmly by vegetation
11-1 5 _______ -Erosion occurring on  som e outside bends and chatuiel constrictions; non-eroding banks stabl e
6 -10   ______ -Erosion com m on on m ost outside bends and channel constrictions
1 -5 ______  -Erosion predominant on entire channel (straight sections, inside and outside bends, etc.)
(Answer O N E , either 7a. O R  7b.)
7a . S tream  b o tto m  • (F o r  F a s t m oving/R ifH e d om inated  stream s)
16 -2 0 _______-Stony bottom o f  several sizes packed together, interstices obvious
I I -1  5  -Stony bottom easily  m oved, w ith little silt
6 - 1 0  -Bottom  o f  silt, gravel and sand, stable in places
I-5  _____  -Uniform bottom o f  sand and silt loosely held together, stony substrate absent
7b . S tream  b o tto m  - (F o r  S lo w  m o in g /P o o l dom inated  stream s)
16 -20______ _ -\lix tu re  o f  substrate materials with gravel and firm sand prevalent; vascular root mats and submerge
vegetation com m on
I I-1  5 _______ -Mixture o f  soft sand, mud or clay; mud may be dominant; som e vascular root mats and submerge
vegetation present
6 - 1 0   -A ll mud or clay, or charuielized with sand bottom; little or no submerged vegetation
I-5 ____ __ -Hardpan clay or bedrock; no vascular root mat or submerged vegetation
(Answer O N E , either Sa. O R  8b.)
8a . R iffle /p oo l sp a c in g  - (F o r  F ast m ovin g/R iffle d om in ated  stream s)
16 -20______ -Distinct, occurring at inter vais o f  5-7x stream width
I I -1  5 _______ -Irregularly spaced, 8 -15.x stream width
6 - 1 0 _______  -Long pools separating short riffles, meanders absent, 16-25x stream width
I- 5  -Meanders and riffles/pools absent or stream channelized, >25x stream width
8b . RifTle/pool ch a r a cter is tic s  - (F or S low  m ovin g /P ool d om in ated  s tr ea m s)
16-20_______-Even m ix o f  deep, shallow, large and small pools
I I -1  5 _______-Majority o f  pools large and deep, very few shallow pools
6 -1  0  -Shallow  pools more prevalent than deep pools
1 - 5  -Majority o f  pools small and shallow  or pools absent
9..A quatic p la n t grow  th 
10-12_______-N ot apparent, but rocks or other submerged objects feel slippery
7- 9  -In small patch es or along channel edges
4 - 6  -In large patches or discontinuous mats
1-3 _______  -Mats cover bottom  (hyper-enriched conditions) or plants not apparent and rocks not slippery (stream
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devoid o f  algae because o f  toxic conditions)
lO .T urb idity
1 0 -1 2 _______ -Clear
7-9    -Slightly o ff Color
4 -6  _______  -Opaquein (can see  through) •
1 -3 _______  -Cloudy ( can’t see  through)
C o lo r __________________ is rain or runoff influencing turbidity levels today? Y es_______ N o _____
STREAM NAM E ; _______________________ , REACH N U M B E R ; , DATE /  /
1 l .W a ter  su rfa ce  o ils
1 0 -1 2 _______ -None
7 -9    -Slight
4 -6  _______  -Moderate
1-3 _______  -Severe
S lick______ Sheen_______ Flecks Other_______
12^ 1ateria ls  o th er  than sed im e n t on  c h a n n e l b o tto m  (exam p les: Iron or I n t u n
oxides, ca lc iu m  carb on ate)
1 0 -12_______-None
7-9    -Slight
4 -6  _______  -Moderate
1-3 _______  -Severe
State co lor__________________________________________________
13^ a lin iza tion  
10-12  -None Evident
7 -9    -Evidence ofsalin ity is present in the watershed, but no salt cru sts observed in ornear the stream
4-6  _______  -Minor evidence o f  salts in ornear the stream. Plant diversity may be reduced or dominated by salt tolerant
species.
1-3 _______  -Salt crusts com m on in or near the stream or on stream banks. Vegetation may be severely reduced due to
salL
14.\V atcr O d o r  
10-12_______ -None
7-9    -Slight
4 -6  _______  -Moderate
1-3 _______  -Strong
Describe Odor - Sewage Petroleum Chem ical Natural Other____
15.D ew atering - From  irrigation  or na tu ra l factors such  as su b su rface  flows. (A ssess during critical 
low  flow p er io d s , or  you  m a y  need  to in q u ir e  lo c a lly  ab ou t th is.)
10-12_______ -No Apparent water loss (irrigation return flow  m ay be supplementin g  base flow)
7-9    -Water loss noticeable, how ever flows are adequate to support aquatic organisms
4-6  _______  -Flow supports aquatic organisms, but habitat, especially  riffles, is drastically reduced
1 -3 _______  -Channel may be dry or flow  low  enough to preclude or severely impair aquatic organisms
Are irrigation diversion or return structures present? Y e s  N o______
16.A m ount o f  fish cover (R e la tiv e  %  o f  rea ch  w ith  so m e  type o f  fish  cover)
10-12_______ -Extens ive (>  50%)
7-9    -Moderate (25-50% )
4-6  _______  -Sparse (<  25% )
1-3   -Absent or “choking " vegetation only
Fish cover type -mark alt that apply with ( P )=  present, ( C )= com m  on, ( A)® abundant.
Undercut banks Overhanging v eg eta tio n  D eep P o o ls  Logs/W oody D eb ris   Boulders---------
.Roorx-ads Aquatic V egetation  Other_____
Total,______ - by Total Possible (rated parameters only )  X  100 = ________%
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(Please check one category below )
LMPAIRMENT/USE SUPPORT V A LU ES
 87-100%  =  NO N-IM PAIRED; (FULL SUPPORT)
 80 - 86% =  NON-IM PAIRED; BU T THREATENED; (FULL SUPPORT)
 71 - 79% =  M INOR IM PAIRM ENT: (PARTIAL SUPPORT)
 55 - 70% =  M O DERATE IMPAIRMENT; (PARTIAL SUPPORT)
 0  - 54% =  SEVERE IM PAIRM ENT; (NON-SUPPORT)
TOTAL M AXIMUM  COM PARED TO  REFERENCE STREAM:
Note: Data should be compared to reference condition.
Total V alue;______________
Reference Stream V alue:_______________
(Enter Value o f  reference stream in order to compare >75%=FuUy supporting reSilts from stream being assessed.)
50-75V**Partially supporting <50% =Non-supponing.
Total Value/Reference Stream V alu e:______________
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MACROINVERTEBRATE HABITAT ASSESSMENT FIELD FORM RIFFLE / RUN PREVALENCE
Stream . 
D ate__
Site______
in v estig a to r .
Habitat Category
Parameter
Optimal Sub-Optimal Marginal Poor
1 A. Riffle Development
W en developed riffle; 
riffle a s  wide as 
stream  and extends 
two tim es width of 
stream .
Riffle as wide as 
stream but length 
less than two times 
width.
Reduced riffle area 
that is not as wide 
as stream and its 
length less than Avo 
times w id th .,
Riffles virtually non­
existent
SCORE (_____1 S-10 6-8 3 5 0-2
IB. Benthic Substrate
Diverse Substrate 
dominated by 
cobble.
Substrate diverse, 
with abundant 
cobble but bedrock 
boulder, fine gravel, 
or sand prevalent.
Substrate dominated 
by bedrock, 
boulders, fine gravel, 
sand Of silt; cobble 
present.
Monotonous fine 
gravel, sand, silt or 
bedrock substrate.
SCORE ( Ï 9-10 6-8 3-5 0-2
2 Embeddedness 
SCORE ( 1
Gravel, cobble, or 
boulder particles are 
betw een 0-25%  
surrounded by fine 
sedim ent (particles 
less than  6.35mm 
|.25"1)
16-20
Gravel, cobble, or 
boulder particles are 
between 25-50% 
surrounded by fine 
sediment.
11-15
Gravel, cobble, or 
boulder particles are 
between 50-75% 
surrounded by fine 
sediment.
6-10
Gravel, cobble, or 
boulder particles are 
over 75%  surrounded 
by fine sediment.
0-5
3. Channel Alteration 
(channelization, 
straightening, dredging, 
other alterations)
Channel alterations 
absent or mirvmal; 
stream pattern 
apparently in natural 
state.
Some channelization 
present, usually in 
areas of crossings, 
etc, evidence of past 
alterations (before 
past 20 yr) may be 
present, but more 
recent channel 
alteration is not 
present.
New embankments 
present on both 
banks; and 40 to 
80%  of the stream 
reach channelized 
and disrupted.
Banks shored with 
gabion or cement; 
over 80%  of the 
stream  reach 
channelized and 
disrupted.
1 SCORE { ) 16-20 11-15 1 6-10 0-5
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4. Sedim ent Deposition Little or no Some new  increase Moderate deposition Heavy deposits of
enlargement of bars in bar formation. of new gravel. fine material,
and less than 5% of mostly from coarse coarse sand on old increased bar
the bottom affected gravel; 5 30% of the and new bars; 30- development; more
by sediment bottom affected: 50%  of the bottom than 50% of the
deposition. slight deposition In 
pools.
affected; sediment 
deposits a t 
obstructions, 
constrictions, and 
bends; moderate 
deposition In pools 
prevalent.
bottom changing 
frequently: pools 
aWost absent due to 
substantial sediment 
deposition.
SCORE f 1 •
16-20 11-15 6-10 OS
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Habitat Cateqory
Parameter
Optimal Sub-Optimal Marqinal Poor
•
S. Channel Row Status
Water fills baseftow 
channel; minimal 
amount o f channel 
substrate exposed.
Water fills > 7 5 %  of 
the  base flow 
channel; < 25%  
channel substrate 
exposed.
Water fills 25-75% 
of the baseflow 
channel; riffle 
substrates mostly 
exposed.
Very little water in 
channel, and mostly 
present as standing 
pools.
SCORE l  î ie -2 0 11-15 ^ 1 0 0-5
6. Bank Stability (Score 
each bank)
Note: determine left or 
right side while facing 
downstream.
Banks stable; no 
evidence of erosion 
or bank failure; little 
apparent potential 
for future problems.
Moderately stable; 
infrequent, small 
areas of erosion 
mostly healed over.
Moderately unstable; 
moderate freqilency 
and size of erosional 
areas; up to 60% of 
banks in reach have 
erosion; high erosion 
potential duhng high 
flow.
Unstable; many 
eroded areas: "raw" 
areas frequent along 
straight sections and 
bends; obvious bank 
sloughing; 60-100%  
of banks have erosion 
scars on side-slopes.
SCORE i_____ICIeft)
SCORE (_____)(riqhl) 9-10 6-8
3-5 0-2
7. Bank Vegetation 
Protection (note: reduce 
scores for annual crops 
and weeds which do not 
hold soil well, eg 
knapweed)
Over 90 %  of the 
stream bank surfaces 
covered by 
stabilizing 
vegetation; 
vegetative disruption 
minimal or not 
evident; almost all 
plants allowed to 
grow naturally.
70-90%  of the 
streambank surfaces 
covered by 
vegetation; 
disruption evident, 
but not affecting full 
plant growth 
potential to any 
great extent; more 
than one-half of 
potential plant height 
evident.
50-70% of the 
streambank surfaces 
covered in 
vegetation; 
dsiruption obvious; 
patches of bare soil 
or closely cropped 
vegetation common; 
less than one-half of 
potential plant height 
remaining.
Less than 50% of the 
streambank surfaces 
covered by 
vegetation; extensive 
disruption of 
vegetation; 
vegetation removed 
to 2 inches or less.
9-10 6-8
3 5 0-2
SCORE I_____ lOeft)
SCORE (_ _) (riqhl)
a. Vegetated Zone Width 
(score zone for each side 
of stream)
Width of vegetated 
zone > 1 0 0  feet.
Width of vegetated 
zone 30-100 feet.
Width of vegetated 
zone 10-30 feet.
Width of vegetated 
zone < 1 0  feet.
SCORE I_____1 (left)
SCORE ( 1 (riqht) 9-10 6 8 3 5 0-2
TOTAL SCORE L
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MACROINVERTEBRATE HABITAT ASSESSMENT FIELD FORM
S tr e a m  _________________________________   D a t e ________
Site
GLIDE / POOL PREVALENT STREAMS
Habitat Cateq o f y
•
Parameter
Optimal Sub-Optimal Marginal Poor
1. Bottom Substrate /  
Available Cover
Greater than 50%  mix 
of snags, submerged 
logs, undercut banks, 
rubble or other stable 
habitat and a t stage 
to allow fun 
colonization potential 
(i.e., logs/snags that 
are Dfii new fall and 
Dal transient).
30-50% mix of stable 
habitat; well-suited for 
full colonization poten­
tial; adequate habitat 
for maintenance of 
populations; presence 
of additional substrate 
in the form of newfalt, 
but not yet prepared 
for cotoniiation (may 
rate at high end of 
scale).
10-30% mix of stable 
habitat; habitat avail- 
ability less than desir­
able; substrate fre­
quently disturbed or 
removed. •
Less than 10% sta­
ble habitat; lack of 
habitat Is obvious; 
substrate unstable or 
lacking.
SCORE 1____ 1 16-20
11-15 6-10 0-5
2. Pool Substrate Charac­
terization
Mixture of substrate 
materials, with gravel 
and firm sand preva­
lent: root mats and 
submerged vegetation 
common.
Mixture of soft sand, 
mud. or clay; mud may 
be dominant; some 
root mats and sub­
merged vegetation 
present.
All mud or clay or 
sand bottom: Bltie or 
no root mat; no sub- 
merged vegetation.
Hard-pan clay or bed­
rock; no root mat or 
vegetation.
SCORE ( 1 16-20 11-15 6-10 0-5
3. Pool Variability Even mix of large- 
shallow, large-deep, 
small-shallow, small- 
deep pools present.
Majority of pools large- 
deep; very few shal­
low.
Shallow pools much 
more prevalent than 
deep pools.
Majority of pools 
small-shallow or 
pools absent.
SCORE t J 16-20 11-15 6-10 0-5
4. Channel Alteration 
(channelization, dredging, 
staightening, other alter­
ations)
Channel alteration 
absent or minimal; 
stream with normal, 
sinuous pattern.
Some channel alter­
ation present, usually 
in areas of crossings, 
evidence of past chan­
nel alterations, (prior to 
past 20 yrs) may be 
present, but more 
recent channel alter­
ation is not present.
New embankments 
present on both 
banks; channelization 
may be extensive, 
usually in urban areas 
or drainage areas of 
agriculture lands; and 
> 80% of stream 
reach channelized and 
disrupted.
Extensive channeliza­
tion; banks shored 
with gabion or ce­
ment; heavily urban­
ized areas; instream 
habitat greatly al­
tered or removed 
entirely.
SCORE L _ 1 16-20 11-15 6-10 0-5
5. Sediment Deposition Less than 20% of 
bottom affected; 
minor accumulation of 
fine and coarse 
material at snags and 
submerged vegeta­
tion; little O f  no en­
largement of islands 
or point bars.
20-50% affected; 
moderate accumula­
tion; substantial sedi­
ment movement only 
during major storm 
event; some new 
increase in bar forma­
tion.
50-80% affected; 
major deposition; 
pools shallow, heavily 
silted; embankments 
may be present on 
both banks; frequent 
and substantial 
sediment movement 
during storm events
Channelized; mud, 
silt, and/or sand in 
braided or nonbraided 
channels; pools al­
most absent due to 
deposition.
1 SCORE f ) 16-20 11-15
6-10
OS
71
Habitat Cateqory
Parameter
Optimal Sub-Optimal Marginal Poor
6. Channel Sinuosity The bends In the 
stream increase the 
stream length 3 to 4 
limes longer than if it 
was In a straight One.
The bends In the 
stream increase the 
stream length 2 to 3 
times longer than if it 
was in a straight Une.
The bends in the 
stream increase the 
stream length 2 to 1 
times longer than if it 
was in a straight tine.
Channel straight; 
waterway has been 
channelized for a 
long distance.
SCORE ( 1 16-20 11-15 6-10 0-5
7. Channel Flow Status Water reaches base 
of both lower banks 
and minimal amount 
of channel substrate 
is exposed.
Water fills > 75%  of 
the available channel; 
or <25%  of channel 
substrate Is exposed.
Water fills 25-75% of 
the available chagnel 
and/or riffle sub­
strates are mostly 
exposed.
Very Ettle water In 
channel and mostly 
present as standing 
pools.
SCORE I------- 1 16-20 11-15 6-10 0-5
8. Bank Vegetation Protec­
tion (score each blank)
Note: determine left or 
right side by facing down­
stream.
More than 90% of 
the streambank sur­
faces covered by 
native vegetation, 
including trees, un­
derstory shrubs, or 
non-woody macro- 
phytes; Vegetation 
disruption minimal or 
not evident; almost all 
plants allowed to 
grow naturally.
70-90% of the stream­
bank surfaces covered 
by native vegetation; 
but one class of plants 
Is not wen-represented; 
disruption evident but 
not affecting full plant 
growth potential to any 
great extent; more 
than one-half of the 
potential plant stubble 
height remaining.
50-70% of the strea­
mbank surfaces cov­
ered by vegetation; 
disruption obvious; 
patches of bare soil or 
closely cropped 
vegetation common; 
less than one-half Of 
the potential plant 
stubble height re­
maining.
Less than 50%  of 
the streambank 
surfaces covered by 
vegetation; disruption 
of streambank 
vegetation is very 
high; vegetation has 
been removed to 2 
inches or less in 
average stubble 
height.
SCORE t____ 1(LB)
SCORE ( )(R8)
9-10
9-10
6-S
6-B 3 5
3-5
0-2
0-2
9. Bank Stability (score 
each bank)
Banks stable; no 
evidence of erosion or 
bank failure; little 
potential for future 
problems.
Moderately stable; 
Infrequent, small areas 
of erosion mostly 
healed over.
Moderately unstable; 
up to 60% of banks 
in reach have areas of 
erosion; high erosion 
potential during 
floods.
Unstable; many erod­
ed areas; "raw" 
areas frequent along 
Straight sections and 
bends; obvious bank 
sloughing; 60-100% 
of bank has erosional 
scars
SCORE 1____ ) (IB)
SCORE ( ) (RS)
9-10
9-10
6-8
6-8
3-5
3-5
0-2
0-2
10. Riparian Vegetation 
Zone Width (score each 
bank riparian zone)
SCORE !____ )(LB)
SCORE L ___ ) (RB)
Width of riparian zone 
>18 meters; human 
activities (i.e , parking 
lots, roadbeds. 
Ctearcuts, lawns, or 
crops) have not 
impacted zone.
9-10
9-10
Width of riparian zone 
12-18 meters; human 
activities have impact­
ed zone only minimally
3 5 
3 5
Width of riparian zone 
6-12 meters; human 
activities have 
impacted a great deal
3-5
3-5
Width of riparian 
zone <8  meters; 
little or no riparian 
vegetation due to 
human activities.
0-2
0-2
TOTAL SCORE I MOO 10/11.*4
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Appendix B
W ater  Qu a lity  Sampling  Results and M ethods
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LABORATORY ANALYSIS REPORT
M T Department o f  Environmental Quality Project ID: 
Pat Newby Sam ple ID:
P C  Box 200901 Laboratory ID:
H elena, MT 59620 Sample Matrix;
Sample Date: 
Received at lab:
JO H N  DEARM ENT  
BOULDER RIVER 
99-55872-1  
W ater
l7 .A ug-99
Site 1
Reported: 13-Sep-99
Qua!
R eporting  Regulatory 
L im it Limit M ethod AnalyzedResults 1 U nits
Calcium 3 mg/1 1 EPA 200.7 21-Aug-99 0254 RLH
Magnesium 2 mg/l 1 EPA 200.7 21-Aug-99 0234 RLH
Potassium <  1 mg/l 1 EPA 200.7 2l-A ug-99 0254 RLH
Sodium 2 mg/l I EPA 200.7 21-Aug-99 0254 RLH
Total Hardness as C aC O l 21 mg/l 1 EPA 200.7 2l-A ug-99 0234 RLH
Chloride <  I mg/l 1 EPA 300.0 19-Aug-99 0I52 RLH
Sulfate 3 mg/l I EPA 300.0 I9-Aug-99 0132 RLH
Alkalinity as C aC O l 31 mg/l 1 EPA 310.1 18-Aug-99 t i l l LDV
Total Dissolved Solids at ISO C 43 mg/l 10 EPA 160.1 lS-Aug-99 1315 LDV
Nitrate Nitrite as N <0.01 mg/l 0.01 EPA 353.2 l7-Aug-99 1652 B.AS
Total Kjeldahl Nitrogen < 0  1 mg/l 0.1 SM 4500N 23-Aug-99 0730 BS
Total Phosphorus 0 012 mg/l 0.001 EPA 365.1 2S-Aug-99 1534 BAS
Cation-Anion Balance -20.69 y.
Sodium Adsorption Ratio 0 19
Total Suspended Solids < 1CV2) mg/l J 10 EPA 160.2 18-Aug-99 1630 ND
Aluminum, Total Recoverable <0.1 mg/l 0  1 EPA 200.7 l9-Aug-99 1503 TDB
Antimony. Total Recoverable <  0 C03 mg/l 0.003 EPA 200.8 24-Aug-99 2043 LAB
Arsenic, T o o l Recoverable <0 001 mg/l 0.001 EPA 200.8 24-A ug-99 2043 LAB
Barium, T ou l Recoverable 0 024 mg/l 0 003 EPA 200.7 19-Aug-99 1303 TDB
Beryllium, Total Recoverable < 0  001 mg/l 0.001 EPA 200.7 19-Aug-99 1303 TDB
Boron. Total Recoverable < 0  1 nig 'l 0 1 EPA 200 7 l9-Aug-99 1503 TDB
Cadm ium. Total Recoverable < 0  KOI m g/| 0  0001 EPA 200 8 24-Aug-99 2(X3 LAB
Chrom ium . Total Recoverable 0 COj m g/| 0.001 EPA 200 8 24-Aug-99 2(343 LAB
Cobalt. Total Recoverable < 0  01 mg/l 0 01 EPA 200.7 l9-Aug-99 1503 TDB
Copper. Total Recoverable 0 COI m g/| 0 .0 0 1 EPA 200.8 24-Aug-99 2043 LAB
Iron. Total Recoverable 0 07 mg/l 0  01 EPA 200.7 19-Aug-99 1503 TDB
Lead. Total Recoverable < 0 C02 m g/| 0.002 EPA 200.8 24-Aug-99 2043 LAB
M anganese. T o u l Recoverable < 0  COJ mg/l 0.005 EPA 200.7 l9-Aug-99 1503 TDB
M ercury. T ou t Recoverable <0(XO I mg/l 0  0001 EPA 243.2 24-Aug-99 1315 FMB
Molybdenum. T o u l Recoverable < 0  C«33 m g/| o.oos EPA 200.8 24-Aug-99 2043 LAB
Nickel. Total Recoverable < 0  01 m g/| 0  01 EPA 200 8 24-Aug-99 2043 LAB
Selenium. T oul Recoverable < 0  COI m g/l 0.001 EPA 200.8 24-Aug-99 2043 LAB
Silicon. T o u l Recoverable 3.0 mg/l 0.1 EPA 200.7 19-Aug-99 1308 TDB
Silver. T ou l Recoverable < 0  C03 m g/| 0.003 EPA 200.8 24-Aug-99 2043 LAB
Strontium. T oul Recoverable <0.1 mg/l 0.1 EPA 200.7 19-A ug-99 1503 TDB
Thallium . T ou l Recoverable < 0  C02 mg/l 0.002 EPA 200 8 24-Aug-99 2043 LAB
Zinc. T ou l Recoverable 0 02 m g/| 0.01 EPA 200.7 I9-Aug-99 1503 TDB
w -jm t:  xls
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r LABORATORY ANALYSIS REPORT
M T Departm ent o f  Environm ental Quality Project ID: JOHN DEARMENT
Pat Newby Sample ED: BOULDER RIVER
PO  Box 200901 Laboratory ID: 99-55372-2
Helena, M T  59620 Sam ple Matrix: W ater
Sample Date: 09-Aug-99
Received at tab: 17-Aug 99
Site 6
Reported: 13-Sep-99
Reporting Regulatory
Results 1 Units Qual Limit Limit M ethod Analyzed
Calcium 7 mg/l 1 EPA 200.7 2l-Aug-99 0257 RLH
M agnesium 2 mg/l I EPA 200.7 21-Aug-99 0257 RLH
Potassium <  1 mg/l I EPA 200.7 2 1-Aug-99 0257 RLH
Sodium 2 mg/l 1 EPA 200.7 21-Aug-99 0257 RLH
Total Hardness as C aC 03 26 mg/l I EPA 200.7 2 1-Aug-99 0257 RLH
Chloride < 1  mg/l I EPA 300.0 19-Aug 99 0201 RLH
Sulfate 3 mg/l I EPA 300.0 19-Aug-99 0201 RLH
Alkalinity as C aC 03 30 mg/l 1 EPA 310.1 18-Aug-99 1116 LDV
Total Dissolved Solids at ISO C 44 mg/l 10 EPA 160.1 l8-Aug-99 1315 LDV
Nitrate -I- Nitrite as N 0 01 mg/l 0  01 EPA 353.2 17-Aug-99 1652 BAS
T o u l Kjeldahl Nitrogen < 0 .1  mg/l o.t SM 4500N 25-Aug-99 0730 BS
T o u l Phosphorus 0.010 mg/l 0 001 EPA 365.1 25-Aug-99 1535 BAS
Cation-Anion Balance -4.83 %
Sodium Adsorption Ratio 0.17
T o u l Suspended Solids <  10(1) mg/l J to EPA 160.2 13; Aug-99 1630 ND
Aluminum. T o u l Recoverable < 0 .1  mg/l 0.1 EPA 200.7 20-Aug-99 1750 RLH
Antimony, T o u l Recoverable < 0 .003  mg/l 0.003 EPA 200.8 l9-Aug-99 1336 LAB
Arsenic, T o u l Recoverable < 0 .001 mg/l 0.001 EPA 200.8 l9-Aug-99 1536 LAB
Barium, T o u l Recoverable 0.022 mg/l 0.005 EPA 200.7 20-Aug-99 1750 RLH
Beryllium, T o u t Recoverable < 0  001 mg/l 0 001 EPA 200.7 20-AUS-99 1750 RLH
Boron, T o u l Recoverable < 0  1 mg/| 0  1 EPA 200.7 20-Aug-99 1750 RLH
Cadm ium , T ouI Recoverable <0.0001 mg/l 0 0001 EPA 200.8 19-Aug-99 1556 LAB
Chrom ium . T o u l Recoverable 0.002 mg/l 0.001 EPA 200.8 19-Aug-99 1536 LAB
Cobalt. T o u l Recoverable <0.01 mg/l 001 EPA 200.7 20-Aug-99 1730 RLH
Copper. Total Recoverable < 0 0 0 1  mg'l 0 001 EPA 200.8 19-Aug-99 1356 LAB
Iron. T o u l Recoverable 0 (X mg/l 0 01 EPA 200,7 20-Aug-99 1750 RLH
Lead. T o u l Recoverable < 0 .002  mg/l 0  002 EPA 200.8 l9-Aug-99 1336 LAB
M anganese. T o u l Recoverable < 0 .003  mg/l 0 005 EPA 200.7 20-Aug-99 1750 RLH
M ercury, T o u l Recoverable <0.0001 mg/l 0 0001 EPA 200.8 19 Aug 99 1536 LAB
M olybdenum . T o u l Recoverable < 0 .003  mg/l 0 003 EPA 200.8 19-Aug-99 1336 LAB
Nickel. T o u l Recoverable <0 .01  mg/l 0.01 EPA 200.8 19-Aug-99 1336 LAB
Selenium. T o u l Recoverable <0.001 mg/| 0001 EPA 200.8 19-Aug-99 1536 LAB
Silicon. T o u l Recoverable 4.6 mg/l 0  1 EPA 200.7 20-AUS-99 1730 RLH
Silver, T o u l Recoverable <0 .003  mg/l 0003 EPA 200.8 19-Aug-99 1556 LAB
Strontium, T o u l Recoverable < 0.1  mg/l 0.1 EPA 200.7 20-Aug-99 1750 RLH
Thallium , T o u l Recoverable < 0 .0 0 2  mg/l 0.002 EPA 200.8 19-Aug-99 1536 LAB
Zinc. T o u l Recoverable <0-01 mg/l O.Ol EPA 200.7 20-Aug-99 1730 RLH
\W -Î3*TÎ XLS
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LABORATORY ANALYSIS REPORT
MT Departm ent o f  Environm ental Quality Project ID:
Fat Newby 
PO Box 200901  
Helena, M T 59620
Sam ple ID: 
Laboratory ID: 
Sam ple M atrix: 
Sam ple Date: 
Received at lab:
JO H N  DEAR.MENT
BOULDER RIVER
99-55S72-3
W ater
14-Aug-99
17-Aug-99
Site 10
Reported: 13-Sep-99
R eporting  Regulatory
R esults 1 U nits Q ual L im it Limit M ethod Analyzed
Calcium 8 mg/l 1 EPA  200.7 2 1-Aug-99 0301 RLH
Magnesium 3 mg/l I E PA  200.7 2t-Aug-99 0301 RLH
Potassium 1 mg/l I E PA  200.7 2l-Aug-99 030l RLH
Sodium 2 mg/l 1 EPA  200.7 2l-Aug-99 0301 RLH
T o u l Hardness as C aC O l 32 mg/I I EPA  200.7 2 1-Aug-99 0301 RLH
Chloride <  1 mg/l I EPA  300.0 I9-Aug-99 0210 RLH
Sulfate 3 mg/l 1 EPA  300.0 19-Aug-99 0210 RLH
Alkalinity as C aC 0 3 33 mg/I 1 EPA 310.1 I8-Aug-99 1121 LDV
T o u l Dissolved Solids at 180 C 48 mg/I 10 EPA 160.1 I8-Aug-99 1315 LDV
Nitrate +  Nitrite as N 0 .02  mg/l 0,01 EPA 353.2 17-Aug-99 1653 BAS
T oul Kjeldahl N itrogen < 0 .1  mg/l 0.1 SM  4500N 25-AUS-99 0730 BS
T ou l Phosphorus 0  010 mg/l 0  001 EPA 3 6 5 .1 25-Aug-99 1537 BAS
Cation-Anion Balance -0.36 %
Sodium A dsorption Ratio 0.15
T ou l Suspended Solids <  10(1) mg/l J 10 EPA 160.2 18-Aug-99 1630 ND
Aluminum. T o u l Recoverable < 0 ,1  mg/l 0 1 EPA  200.7 20-Aug-99 1752 RLH
Antimony, T o u l Recoverable < 0 .0 0 3  mg/l 0.003 EPA 200,8 l9A ug-99 1653 LAB
Arsenic. T o u l R ecoverable <0 .001  mg/l O.OOl EPA 200.8 19-Aug-99 1653 LAB
Barium, T o u t Recoverable 0 ,022 mg/l 0,005 EPA 200.7 20-Aug-99 1752 RLH
Beryllium, T o u t Recoverable <0.(X)1 mg/l 0,001 EPA 200,7 20-Aug-99 1752 RLH
Boron, T ou l Recoverable < 0 .1  m g'l 0 1 EPA 200.7 :0-Aug-99 1752 RLH
Cadmium. T o u l Recoverable < 0  0001 m g'l 0  0001 EPA 200.8 19-Aug-99 1653 LAB
Chromium, Total Recoverable 0.001 m g'l 0.001 EPA 200 8 l9-Aug-99 1653 LAB
Cobalt. Total Recoverable < 0 .01  m g'l 0.01 EPA 200 7 20-Aug-99 1752 RLH
Copper. Total Recoverable < 0 0 0 1  mg/l 0 001 EPA 200,8 l9-Aug-99 1653 LAB
Iron. T oul Recoverable 0,03 m g'l 0 01 EPA 200.7 20-Aug-99 1752 RLH
Lead. T o u l Recoverable < 0 .0 0 2  mg/l 0.002 EPA 200.8 19-AJS-99 1653 LAB
Manganese, T o u l Recoverable < 0 ,0 0 3  m g'l 0.005 EPA 200 7 20-Aug-99 1752 RLH
M ercury, T o u l Recoverable < 0.0001  mg/l 0,0001 EPA 200.3 l9-A u;-99 1653 LAB
Molybdenum, T o u l Recoverable < 0 .0 0 5  m g 'l 00 0 5 EPA 200,8 19-Aug-99 1653 LAB
Nickel. Total Recoverable < 0 .01  m g'l 0,01 EPA 200.8 19-Aug-99 1653 LAB
Selenium, T o u l Recoverable < 0 .001  m g 'l 0.001 EPA 200.8 l9-Aug-99 1653 LAB
Silicon, T o u l Recoverable 4,7 m g'l 0.1 EPA 200.7 20-Aug-99 1752 RLH
Silver, T ou l Recoverable < 0 .003  mg/l 0.003 EPA 200,8 l9-Aug-99 1653 LAB
Strontium, T o u l Recoverable < 0 .1  mg/l 0 1 EPA 200.7 20-Aug-99 1752 RLH
Thallium, T o u t  Recoverable < 0 ,0 0 2  mg/l 0.002 EPA 200.8 l9-Aug-99 1653 LAB
Zinc, T o u l R ecoverable < 0 .0 1  mg/l 0.01 EPA 200.7 20-Aug-99 1752 RLH
'9 9 .J J J 7 ;  X L j
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LABORATORY ANALYSIS REPORT
M T  Departm ent o f  Environm ental Quality Project ID: 
P al Newby Sample ID:
P O  Box 200901 Laboratory ID:
H elena. M T  59630 Sam ple Matrix:
Sam ple Date: 
Received at lab:
JO H N  DEAR.MENT 
BOULDER RIVER  
99-55872^
W ater 
14-Aug-99  
17-Aug 99
Site  11
Reported: l3-Sep-99
R eporting Regulatory
R esults 1 Units Q ual Lim it Lim it M ethod Analyzed
Calcium 10 mg/l 1 EPA 200.7 2 1-Aug-99 0305 RLH
M agnesium 3 mg/l 1 EPA 200.7 2 1-Aug-99 0303 RLH
Potassium I mg/l I EPA 200.7 21-Aug-99 0303 RLH
Sodium 2 mg/l 1 EPA 200.7 2l-Aug-99 0303 RLH
Total H ardness as C aC O J 37 mg/l I EPA 200.7 2l-Aug-99 0303 RLH
Chloride <  I mg/l 1 EPA 300.0 19-Aug-99 02I8 RLH
Sulfate 6 mg/l 1 EPA 300.0 19-Aug-99 0218 RLH
A lkalinity as C aC O l 33 mg/l 1 EPA 310.1 18-Aug-99 1125 LDV
Total Dissolved Solids at ISO C 35 mg/l 10 EPA 160.1 18.Aug.99 1315 LDV
Nitrate +  Nitrite as N <0.01  mg/I 0.01 EPA 353.2 l7-Aug-99 1655 BAS
Total Kjeldahl N itrogen < 0 .1  mg/l 0.1 SM 4500N 25-Aug.99 0730 BS
Total Phosphorus 0.005 mg/l 0.001 EPA 365.1 25-Aug.99l533 BAS
Cation-Anion Balance •1.32 %
Sodium A dsorption Ratio 0.14
Total Suspended Solids <  10(3) mg/l J  10 EPA 160.2 18 Aug-99 1630 ND
Alum inum , Total Recoverable < 0 .1  mg/l 0.1 EPA 200.7 20-Aug-99 1756 RLH
Antim ony. Total R ecoverable < 0 .003  mg/l 0.003 EPA 200 8 l9-Aug-99 1658 LAS
A rsenic, Total R ecoverable <0 .001  mg/l 0.001 EPA 200.8 19Aug-99 1653 LAB
Barium , Total Recoverable 0.023 mg/| 0 005 EPA 200.7 20-Aug-99 1756 RLH
Beryllium. T o u l Recoverable <0.001 mg/l 0.001 EPA 200 7 20-Aug.99 1756 RLH
Boron. T o u t Recoverable < 0 .1  mg'l 0  1 EPA 200.7 20-Aug-99 1756 RLH
Cadm ium . T o u l Recoverable <0.0001 m g'l 0  0001 EPA 200.8 19-Aug-99 1653 LAB
Clirom ium . T o u l R ecoverable 0 002 mg/l 0 001 EPA 200.8 19-Aug-99 1653 LAB
Cobalt. T o u l Recoverable <0.01 mg/| 0.01 EPA 200 7 20.Aug.99 1756 RLH
C opper. T o u l Recoverable <0.001 mgd 0 001 EPA 200 8 l9A ug.99 1658 LAB
Iron. T o u t Recoverable 0.06 mg/l 0 01 EPA 200.7 20-Aug.99 1756 RLH
Lead. T o u l Recoverable < 0 .0 0 2  mg/l 0.002 EPA 200.3 l9.Aug-99 1653 LAB
M anganese. T o u l Recoverable < 0 .005  mg'l 0 005 EPA 200.7 2 0  Aug.99 1756 RLH
M ercury. T o u l Recoverable <0.0001 mg/l 0.0001 EPA 200.8 19-Aug 99 1653 LAB
M olybdenum . T o u l R ecoverable < 0 .005  mg/l 0  005 EPA 200.8 I9-Aug.99 1653 LAB
Nickel. T o u l Recoverable <0 .01  mg/l O.Ol EPA 200.8 l9-Aug-99 1653 LAB
Selenium . T o u l R ecoverable <0.001 mg/l 0.001 EPA 200.8 19-Aug.99 1653 LAB
Silicon. T o u l Recoverable 4,5 mg/l 0.1 EPA 200.7 20-Aug-99 1756 RLH
Silver. T o u l R ecoverable <0 .003  mg/l 0.003 EPA 200,8 19-Aug-99 1653 LAB
Strontium . T o u l Recoverable < 0 .1  mg/l 0.1 EPA 200.7 20-Aug 99 1756 RLH
Thallium . T o u l Recoverable < 0 .002  mg/l 0.002 EPA 200.8 19-Aug 99 1653 LAB
Zinc. T o u l Recoverable 0.02 mg/l O.Ol EPA 200.7 20-Aug-99 1756 RLH
109.J38T: XLS
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LABORATORY A NALYSIS REPO R T
MT Departm ent o f  Environm ental Quality Project ID: JOHN DEARMENT
Fat N ewby Sample ID: BOULDER RIVER
PO Box 200901 Laboratory ID; 99-55372-5
H elena, M T 59620 Sam ple Matrix: Water
Sample Date: 13-Aug-99
Site 12
Received a t lab : 17-Aug-99 R ep o rted : I3-Sep-99
R eporting Regulatory
ResulU 1 U nits Qua] Limit Limit M ethod A n a ln e d
Calcium 13 mg/t 1 EPA 200.7 21-Aug-99 0305 RLH
Magnesium 4 mg/l 1 EPA 200.7 2l-A ug-S9 0305 RLH
Poussium I mg/l I EPA 200.7 21-Aug-99 0305 RLH
Sodium 2 mg/l 1 EPA 200.7 21-Aug-99 0305 RLH
Total Hardness as C aC 0 3 49 mg/l I EPA 200.7 21-Aug-99 0305 RLH
Chloride < 1  mg/I 1 EPA 300.0 19-Aug-99 0227 RLH
Sulfate 15 mg/l I EPA 300.0 l9-Aug-99 0227 RLH
Alkalinity as C aC 03 43 mg/l 1 EPA 310.1 l3-Aug-99 1130 LDV
Total Dissolved Solids a t ISO C 73 mg/l 10 EPA 160.1 ia-A ug-99 1315 LDV
Nitrate +  Nitrite as N O.Ol mg/l O.Ol EPA 333.2 17-Aug-99 1656 BAS
T ou l Kjeldahl Nitrogen < 0 .1  mg/l 0 1 SM  4500N 23-Aug-99 0730 BS
T o u t Phosphorus 0 .012 mg/l 0 001 EPA 365.1 25-Aug-99 1539 B.AS
Cation-Anion Balance -5.29 a
Sodium Adsorption Ratio 0.12
T ou l Suspended Solids <10(1) mg/1 J 10 EPA 160.2 18-Aug-99 1630 ND
Aluminum. T o u l Recoverable 0.2  mg/l 0.1 EPA 200.7 19A ug-99 1641 TDB
Antimony, T o u l Recoverable < 0 .003  mg/l 0.003 EPA 200.8 24.Aug.99 2053 LAB
Arsenic. T o u l Recoverable 0.001 mg/l 0.001 EPA 200.8 24.A ug.99 2053 LAB
Barium. T o u l Recoverable 0.034 mg/l 0.005 EPA 200.7 19 Aug-99 1641 TDB
Beryllium. T o u l Recoverable <0.001 mg/l 0.001 EPA 200.7 19-Aug-99 1641 TDB
Boron. T o u l Recoverable < 0 .1  mg/l 0 1 EPA 200.7 19-Aug-99 1641 TDB
Cadm ium. T o u l Recoverable < 0  0001 mg'l 0.0001 EPA 200.8 24-Aug-99 2053 LAB
Chrom ium . T o u l Recoverable 0 003 mg'l O.OOl EPA 200.8 24.Aug-99 2053 LAB
Cobalt, T o u l Recoverable < 0  01 mg/l 0 01 EPA 200.7 19-Aug-99 1641 TDB
Copper. T o u l Recoverable j )  001 mg'l 0,001 EPA 200.8 24-Aug-99 2053 LAB
Iron. T o u l Recoverable 0.23 mg/l Ô 0I EPA 200 7 19-Aug.99 1641 TDB
Lead. T o u t Recoverable < 0 .002  mg/l 0 0 0 : EPA 200.8 24.Aug-99 2053 LAB
M anganese. T o u l Recoverable < 0 .005  mg/t 0 005 EPA 200.7 19-Aug-99 1641 TDB
M ercury, T o u l Recoverable <0.0001 mg'l 0.0001 EPA 243.2 24.Aug.99 1315 FMB
M olybdenum, T ou l Recoverable <0 .005  mg/l 0.005 EPA 200.8 24-Aug.99 2053 LAB
Nickel. T o u l Recoverable < 0  01 mg'l 00 1 EPA 200.8 24.A ug.99 2053 LAB
Selenium. T o u t Recoverable < 0.001 mg'l 0.001 EPA 200.8 24.Aug-99 2053 LAB
Silicon, T o u l Recoverable 3.9 mg/l 0.1 EPA 200.7 l9-Aug-99 1641 TDB
Silver. T o u t Recoverable < 0 .003  mg/l 0.003 EPA 200.8 24-Aug-99 2053 LAB
Strontium. T o u t Recoverable 0.1 mg/l 0 1 EPA 200.7 19-Aug-99 1641 TDB
Thallium, T o u l Recoverable < 0 .002  m.g/t 0.002 EPA 200.8 24-Aug-99 2053 LAB
Z irc , T o u l Recoverable < 0 .0 1  mg/l 00 1 EPA 200.7 19-Aug-99 1641 TDB
\«)^-î3»TÎ XLS
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LABORATORY ANALYSIS REPORT
M T Departm ent o f Environm ental Quality Project ID; JO H N DEARMENT
Pat Newby Sample ID: BOULDER RIVER
PO Box 200901 Laboratory ID: 99-55372-6
Helena, M T 59620 Sample Matrix: W ater
Sample Date: 13*Aug-99
Received at lab: 17-Aug-99
SU03
Reported: 13-Sep-99
R eporting  R egulatory 
L im it L im it M ethod A nalyzedResults 1 U nits Qual
Calcium 19 mg/I I EPA 200.7 2 1-Aug-99 0311 RLH
Magnesium 3 mg/I I EPA 200.7 21-Aug-99 0 3 l l RLH
Potassium I mg/l 1 EPA 200,7 2l-A ug-99 031I RLH
Sodium 3 mg.l 1 EPA 200.7 2 1-Aug-99 0311 RJLH
Total Hardness as C aC 03 63 mg/l I EPA 200.7 2 l-A ug-99 0311 RLH
Chloride <  1 mg/l I EPA 300.0 19-Aug-99 0236 RLH
Sulfate 14 mg/l t EPA 300.0 19-Aug-99 0236 RLH
Alkalinity as C aC 03 64 mg/l 1 EPA 310.1 ia-A ug-99 1135 LDV
Total Dissolved Solids at ISO C 90 mg/l 10 EPA 160.1 18-Aug-99 1313 LDV
Nitrate -K Nitrite as N 0.03 mg/l O.Ol EPA 353.2 17-Aug-99 1657 BAS
Total Kjeldahl Nitrogen <0.1 mg'l 0  1 SM 4500N 25-Aug-99 0730 BS
Total Phosphorus O.Ol I mg/l 0.001 EPA 365.1 25-Aug-99 1540 BAS
Cation-Anion Balance -1.81 %
Sodium Adsorption P.acic 0.16
T o u l Suspended Solids <  tO{2> mg'l J 10 EPA 160.2 18-Aug-99 1630 ND
Aluminum, T o u l Recoverable 0.2 mg/l 0,1 EPA 200.7 I9-Aug-99 1645 TDB
Antimony. T ou l Recoverable <0.003 mg/| 0.003 EPA 200.8 24-Aug-99 2058 LAB
Arsenic, T ou l Recoverable O.OOl mg'l 0.001 EPA 200.8 24-Aug-99 2053 LAB
Barium. T o u l Recoverable 0  040 mg/l 0.005 EPA 200.7 19-Aug-99 1645 TDB
Beryllium, T ou l Recoverable < 0  001 mg'l O.OOl EPA 200.7 19-A ug-99 1645 TDB
Boron. T o u l Recoverable <0.1 mg'l 0.1 EPA 200.7 l9-A ug-99 1645 TDB
Cadmium. T ou l Recoverable <0.0001 mg'l 0,0001 EPA 200 8 24-Aug-99 2053 LAB
Chromium. T o u l Recoverable 0.001 mg'l 0.001 EPA 200.8 24-Aug-99 2053 LAB
Cobalt. T ou l Recoverable <0.01 mg'l 0.01 EPA 200.7 19-Aug-99 1645 TDB
Copper. T ou l Recoverable 0 cot mg'l 0.001 EPA 200 8 24-Aug-99 2053 LAB
Iron. T o u l Recoverable 0 16 mg'l 0 01 EPA 200.7 19-Aug-99 1645 TDB
Lead. T o u l Recoverable <0.002 mg'l 0.002 EPA 200.8 24-Aug-99 2058 LAB
M anganese. T ou l Recoverable 0 013 mg'l 0.005 EPA 200.7 19-Aug-99 1645 TD B
M ercury. T ou l Recoverable < 0  0001 mg/l 0 .0001 EPA 245.2 24.A ug.99 1315 FM B
M olybdenum, T o u l Recoverable < 0  005 mg/l 0.005 EPA 200.8 24-Aug-99 2038 LAB
Nickel. T ou l Recoverable <0,01 mg'l 00 1 EPA 200.8 24-Aug-99 2053 LAB
Selenium. T ou l Recoverable < 0 0 0 1  mg'l 0.001 EPA 200.8 24-Aug-99 2053 LAB
Silicon, T ou l Recoverable 3.1 mg/t 0.1 EPA 200.7 19-Aug-99 1645 TDB
Silver. T ou l Recoverable <0.003 mg/l 0.003 EPA 200.8 24-Aug-99 2053 LAB
Strontium. T ou l Recoverable U. I mg'l 0  1 EPA 200.7 19-Aug-99 1645 TDB
Thallium, T o u t Recoverable < 0  002 mg'l 0.002 EPA 200.8 24.A ug.99 2053 LAB
Zinc, T o u l Recoverable <0.01 mg/l 0.01 EPA 200.7 19-Aug-99 1645 TDB
iv9.J)4t;  xls
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ENERGY LABORATORIES. INC.
P .O .  e o x  3 0 9 1 6  •  1 1 2 0  S O U T H  2 7 T M  S T R E E T  •  B I L U IN G S . M T  5 9 1 0 7 - 0 9 1 6 •  P H O N E  ( 4 0 6 )  252 6 3 2 5  
F A X  ( 4 0 6 )  2 5 2 - 6 0 6 9  -  1 - 8 0 0 - 7 3 5 - 4 4 8 9  -  E -M A IL  « l i C e n e r g y U a  e e m
LABORATORY ANALYSIS REPORT
M T  D epartm ent o f  Enviroom ental Quality Project ID: JOHN DEARM ENT
P at Newby Sample ID: BOULDER RIVER
P O  Box 200901 Laboratory ED: 99-SSS72-7
H elena, M T  59620 Sam ple Matrix: W ater
Sample Date: L3-Aug-99
Received at lab: 17-Aug-99
Sitë 14
R eported: 13-Sep-99
R eporting  
Qual Limit
R egulatory
L im it M eth o d AnalyzedR esults t Units
Calcium 22 mg/1 1 EPA  200 .7 2 1 -Aug-99 0313 RLH
M agnesium 6 mg/l I EPA  200 .7 21-Aug-99 0313 RLH
P o u u iu m 1 mg/l I EPA  200 .7 2I-A ug-99 0313 RLH
Sodium 3 mg/l 1 EPA  200 .7 2 1 -Aug-99 0313 RLH
T o u l H ardness as C aC 0 3 80 mg/l I E P A  200 .7 2 1 -Aug-99 0313 RLH
Chloride <  1 mg/l 1 EPA  3 0 0 .0 19-Aug-99 0245 RLH
Sulfate 14 mg/I I E P A  300 .0 l9-Aug-99 0245 RLH
A lkalinity as C aC 0 3 75 mg/l I E P A  310.1 18-Aug-99 1139 LDV
T o u l Dissolved Solids a t 180 C 100 mg/l 10 EPA  160.1 I8-Aug-99 1315 LDV
N itrate +  N itrite as N 0.02 mg/l 0.01 EPA  353.2 17-Aug-99 1657 BAS
T o u l Kjeldahl N itrogen < 0 .1  mg/l 0.1 SM  4S00N 26-Aug-99 0700 BS
T o u l Phosphorus 0.010 mg/l 0.001 EPA  365.1 25-Aug-99 1541 BAS
Cation-Anion Balance -1.24 X
Sodium  A dsorption Ratio 0.15
T o u l Suspended Solids <  10(2) mg/l J 10 EPA  160.2 18-Aug-99 1630 ND
A lum inum , T o u l Recoverable 0.1 mg/l 0.1 EPA  200 .7 l9-Aug-99 1646 TDB
A ntim ony. Total Recoverable <0.003 mg/l 0.003 EPA  200.8 24-Aug-99 2129 lA fl
A rsenic, T o u l Recoverable <0.001 mg/l 0.001 EPA  200.8 24-Aug-99 2129 LAB
Barium , T o u l Recoverable 0.W 5 mg/l 0.005 EPA 200.7 19-Aug-99 1646 TDB
Beryllium, T o u l Recoverable <0.001 mg/l 0.001 EPA 200.7 19-Aug-99 1646 TDB
Boron, T o u l Recoverable < 0 .1  mg'l 0.1 EPA 200.7 l9-Aug-99 1646 TDB
C adm ium , T o u l Recoverable <0.0001 mg/l 0 0001 EPA 200.8 24-Aug-99 2129 LAB
Chrom ium . T o u l Recoverable 0.002 mg/l O.OOl EPA 200.8 24-Aug-99 2129 La b
C obalt. T o u l Recoverable < 0.01  m g/| 0.01 EPA  200.7 19-Aug-99 1646 TDB
Copper, T o u l Recoverable O.OOl mg'l 0.001 EPA 200.8 24-A u|-99  2129 LAB
Iron, T o u l Recoverable O i l  mg/l b.oi EPA 200.7 l9-Aug-99 1646 TDB
Lead, T o u l Recoverable < 0.002 mg/l 0.002 EPA 200.8 24-Aug-99 2I29 LAB
M anganese. T o u l Recoverable <0.005 mg/l 0.005 EPA 200.7 I9-Aug-99 1646 TDB
M ercury. T o u l Recoverable <0.0001 mg/I 0.0001 EPA 245.2 24-Aug-99 1315 FMB
M olybdenum . T o u l  Recoverable < 0  005 mg/l 0.005 EPA  200.8 24.A ug.99 2129 La b
N ickel, T o u l Recoverable <0.01  mg/l 0.01 EPA 200.8 24-Aug-99 2129 LAS
Selenium, T o u l Recoverable <0.001 mg/l O.OOl EPA 200.8 24-Aug-99 2129 LAB
Silicon. Fou l Recoverable 5.0 mg/l 0.1 EPA 200.7 19-Aug-99 1646 TDB
Silver. T o u l Recoverable <0 .003 mg/l 0.003 EPA  200 .8 24-Aug-99 2129 LAB
Strontium . T o u l Recoverable 0 .2  mg/l 0.1 EPA  200.7 19-Aug-99 1646 TDB
Thallium , T o u l Recoverable < 0.002 mg/l 0.002 EPA 200.8 24-Aug-99 2129 LAB
Z inc, T o u l Recoverable < 0 .01  mg/l 0.01 EPA  200.7 19-Aug-99 1646 TDB
\99-JJIT2 XL̂
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M etals in  F in e  Bed Sedim ent Sampling  Results 
AND M ethods
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/ g j - V A W ENERGY LABORATORIES, INC.
P .O . B O X  3 0 9 1 6  •  1 t 2 0  S O U T H  2 7 T H  S T R E E T  •B IL L IN G S . MT 9 9 1 0 7 - 0 9 1 6  •  P H O N E  (A 0 6 ) 3 5 2 - 6 3 2 9
F A X  ( 4 0 6 }  2 5 2 - 6 0 6 9  •  1 - 6 0 0 - 7 3 9 - 4 4 8 9  •  E-M AIL «li O  • n v r g y la O .c e m
LABORATORY REPORT
TO:
ADDRESS:
Pat Newby 
MT DEQ
LAB NOx 
DATE»*
001-00-50329 
02 /08 /00  mf
20 0 9  Phoenix Ave. 
Helena, MT 59 6 2 0
WASTE ANALYSIS
Boulder River 
Subm itted 01 /13 /00
Site I
Detection Dry W eight Basis, EPA Date & Time A nalyst's
Constituents Limit, ito/o fooml tto/o loom) Method Analvzed Initials
Organic Carbon 0 .02  % by w t 0 .2 7  % by wt iti 01 /26 /00  @ 1000 SM
Total M etals'"
Aluminum 5 4 7 0 0 6010 0 1 /21 /00  @ 2052 RLH
Antimony 5 < 5 6020 01 /28 /00  @ 1854 LAB
Arsenic 5 < 5 6020 0 1 /28 /00  @ 1854 LAB
Barium 5 100 6010 01 /21 /00  @ 2052 RLH
Béryllium 5 < 5 6010 01 /21 /00  @ 2052 RLH
Cadmium 5 < 5 6010 01 /21 /00  @ 2052 RLH
Calcium 50 29 0 0 6010 01 /21 /00  @ 2052 RLH
Chromium 5 20 6010 01 /21 /00  @ 2052 RLH
'  Copper 5 65 6010 01/21 /00  @ 2052 RLH
Iron 5 9900 6010 01 /21 /00  @ 2052 RLH
Lead 5 9 6010 01/21 /00  @ 2052 RLH
Magnesium 50 6100 6010 01 /21 /00  @ 2052 RLH
Manganese 5 200 6010 01 /21 /00  @ 2052 RLH
Nickel 5 26 6010 01 /21 /00  @ 2052 RLH
Potassium 50 690 6010 01 /21 /00  @ 2052 RLH
Selenium 5 < 5 6020 01 /28 /00  @ 1854 LAB
Silver 5 < 5 6010 01 /21 /00  @ 2052 RLH
Sodium 50 280 6010 01 /21 /00  @ 2052 RLH
Thallium 5 < 5 6020 01 /28 /00  @ 1854 LAB
Zinc 5 26
ASA M onograph No. 9, Method 29-3 .5 .2 .
Sample digested 0 1 /1 9 /0 0  by HNO, Digestion.
6010 01/21 /00  @ 2052 RLH
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td!dr!t7J ENERGY LABORATORIES. INC.
P .O . B O X  3 0 9 1 6  •  1 1 2 0  S O U T H  2TTM S T R E E T . B IL L IN G S. M T S 9  1 0 7 * 0 9 1 6  * P H O N E  (* 0 6 )  2 5 2 * 6 3 2 6
FA X  ( 4 0 6 )  2 5 2 - 6 0 6 9  •  1 * 6 0 0 - 7 3 5 - 4 4 8 9  •  E*MAIL *li @ #m *rgvia5 c o m
T O :
ADDRESS:
Pat Newby 
MT DEQ
22 0 9  Phoenix Ave. 
H elena, MT 59620
LABORATORY REPORT
LAB NO;: 
DATE;
002-00-50329 
02 /08 /00  mf
Detection
WASTE ANALYSIS
Boulder River
Sampled 08/12/99 
Submitted 01/13/00
Dry Weight Basis,
sue 6
EPA Date & Time Analyst's
C onstituents Limit. uQ/o loom) pq/q (ppmj Method Analvzed Initials
Organic Carbon 
Total Metals'*'
0 .02  % by wt 0 .28  % by wt M l 0 1 /2 6 /0 0  @ 1000 SM
Aluminum 5 4800 6010 01 /2 1 /0 0  @ 2054 RLH
Antimony 5 < 5 6020 0 1 /2 8 /0 0  @ 1859 LAB
Arsenic 5 < 5 6020 0 1 /2 8 /0 0  @ 1859 LAB
Barium 5 69 6010 0 1 /2 1 /0 0  © 2054 RLH
Beryllium 5 < 5 6010 0 1 /2 1 /0 0  © 2054 RLH
Cadmium 5 < 5 6010 01 /2 1 /0 0  © 2054 RLH
Calcium 50 2100 60 1 0 0 1 /2 1 /0 0  ©  2054 RLH
Chromium 5 28 6010 0 1 /2 1 /0 0  ©  2054 RLH
Copper 5 7 6010 0 1 /2 1 /0 0  © 2054 RLH
Iron 5 11000 6010 0 1 /2 1 /0 0  © 2054 RLH
Lead 5 < 5 6010 0 1 /2 1 /0 0  © 2054 RLH
Magnesium 50 3700 6010 0 1 /2 1 /0 0  © 2054 RLH
M anganese 5 170 6010 0 1 /2 1 /0 0  © 2054 RLH
Nickel 5 17 6 010 0 1 /2 1 /0 0  © 2054 RLH
Potassium 50 800 6010 0 1 /2 1 /0 0  © 2054 RLH
Selenium 5 < 5 6020 0 1 /2 8 /0 0  © 1859 LAB
Silver 5 < 5 6010 0 1 /2 1 /0 0  © 2054 RLH
Sodium 50 170 6010 0 1 /2 1 /0 0  ©  2054 RLH
Thallium 6 <S 6020 0 1 /2 8 /0 0  ©  1859 LAB
Zinc 5 16
ASA M onograph No. 9, M ethod 29-3.5.2.
Sample d igested 0 1 /1 9 /0 0  by HNO, Digestion.
6 010 0 1 /2 1 /0 0  ©  2054 RLH
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ENERGY LABORATORIES, INC.
P.O. B O X  3 0 9 1 8  •  1 1 2 0  s o u t h  2TTM  S T R E E T -  B IL L IN G S . M T  5 9 1 0 7  0 9 1 8 -  P H O N E  1 * 0 6 | 2 5 2 - 6 3 2 5
FA X  ( 4 0 6 )  * 5 2 - 6 0 6 9  •  1 ■ 8 0 0 - 7 3 5 - 4 4 0 9  •  E-M AIL • liO a n 4 r 9 y i4 B .c o m
LABORATORY REPORT
T O :
A D D R E S S :
P a t N e w b y  
M T  D E Q
2 2 0 9  P h o e n ix  A v e .  
H e le n a ,  M T 5 9 6 2 0
C onstituents
Organic C arbon
T o ta l Metals*^*
A lu m in u m
A n tim o n y
Arsenic
Barium
Beryllium
C ad m iu m
C a lc iu m
C h ro m iu m
C o p p er
Iron
L ead
M a g n a s iu m
M a n g a n e s e
N ick e l
P o ta ss iu m
S e le n iu m
Silver
S o d iu m
T h a lliu m
Zinc
A S A  M o n o g r a p h
S a m p le  d ig e s t e d
D e te c t io n  
L im it, u q / q (pprnl
W A S T E  ANALY SIS.
Boulder River
Sampled 08 /14 /99  
Submitted 01 /13 /00
Dry Weight Basis, 
|ia/o (oomi
LAB NO.: 003-00-50329 
DATE: * 02 /08 /00  mf
Site 10
0,02  % by wt
5
5
5
5
5
5
50
5
5
5
5
50
5
5
50
5
5
50
5
5
0.25 % by wt
M eth o d
6700
< 5
< 5
86
<5
< 5
2400
40
10
12000
5
4600
160
22
920
<5
<5
210
< 5
17
60 1 0
60 2 0
6 0 2 0
6 010
6010
60 1 0
6010
6010
6010
6010
6010
6010
6010
6010
6010
6020
6010
6010
6020
6010
D a te  & T im e A n a ly s t's  
A n a .v zed  Initials
01 /26 /00  @ 1000 SM
01 /2 1 /0 0  @ 2100 RLH
01 /2 8 /0 0  @ 1904 LAB
0 1 /2 8 /0 0  @ 1904 LAB
01/21 /00  @ 2100 RLH
01 /2 1 /0 0  @ 2100  RLH
0 1 /21 /00  @ 2100  RLH
01 /2 1 /0 0  @ 2100  RLH
0 1 /2 1 /0 0  @ 2100  RLH
01/21 /00  @ 2100  RLH
0 1 /21 /00  @ 2100  RLH
01 /21 /00  @ 2100  RLH
0 1 /21 /00  @ 2100  RLH
01/21 /00  @ 2100 RLH
01 /2 1 /0 0  @ 2100  RLH
01/21 /00  @ 2100 RLH
0 1 /2 8 /0 0  @ 1904 LAB
01/21 /00  @ 2100  RLH
0 1 /2 1 /0 0  @ 2100  RLH
01 /2 8 /0 0  @ 1904 LAB
0 1 /21 /00  @ 2100  RLH
No- 9. Method 29-3.5.2. 
0 1 /1 9 /0 0  by HNOj Digestion.
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ENERGY LABORATORIES, INC.
P .O . B O X  3 0 9 1 6 '  1 1 2 0  S O U T H  2 7 T H  S T R E E T  •  BILLING S. MT 5 9 1 0 7 - 0 9 1 6  '  P H O N E  ( * 0 8 )  2 5 2  G 32S
FA X  ( 4 0 6 )  2 5 2 - 6 0 6 9  * 1 - 8 0 0 - 7 3 5 - 4 4 6 9  •  E-M AIL # m e fg y la b  c o m
T O :
ADDRESS:
Pat Newby 
MT DEQ
2209 Phoenix Ave. 
Helena, MT 59620
LABORATORY REPORT
LAB NO.: 
DATE;
004 .00-50329  
0 2 /0 8 /0 0  mf
Constituents 
Organic Carbon 
Total Metals"'
Detection 
Limit, uq/q (ppml
0 .02  % by w t
WASTE ANALYSIS
Boulder River Site 11
Sampled 08 /14 /99  
Subm itted 01 /13 /00
Dry W eight Basis, ERA
u q / o  l o o m i  Method
0.41 % by wt
Date & Time Analyst's 
Analyzed Initials
01 /26 /00  @ 1000 SM
Aluminum 5 5600 6010 01 /21 /00  @ 2102 RLH
Antimony 5 < 5 6020 01 /2 8 /0 0  @ 1910 LAB
Arsenic 5 < 5 6020 01 /28 /00  @ 1910 LAS
Barium 5 60 6010 01 /21 /00  @ 2102 RLH
Beryllium 5 < 5 6010 01 /21 /00  @ 2102 RLH
Cadmium 5 < 5 6010 01 /21 /00  @ 2102 RLH
Calcium 50 3600 6010 0 1 /21 /00  @ 2102 RLH
Chromium 5 30 6010 01 /21 /00  @ 2102 RLH
Copper 5 9 6010 0 1 /21 /00  @ 2102 RLH
Iron 5 10000 6010 01 /21 /00  @ 2102 RLH
Lead 5 < 5 6010 01 /21 /00  @ 2102 RLH
Magnesium 50 3900 6010 01 /2 1 /0 0  @ 2102 RLH
Manganese 5 160 6010 01 /21 /00  @ 2102 RLH
Nickel 5 19 6010 01 /21 /00  @ 2102 RLH
Potassium 50 870 6010 01 /21 /00  @ 2102 RLH
Selenium 5 < 5 6020 01 /2 8 /0 0  @ 1 9 1 0 LAB
Silver 5 < 5 6010 01 /2 1 /0 0  @ 2102 RLH
Sodium 50 200 6010 01 /2 1 /0 0  @ 2102 RLH
Thallium 5 < 5 6020 01 /2 3 /0 0  @ 1910 LAB
Zinc 5 19 6010 01 /21 /00  @ 2102 RLH
ASA Monograph No. 9, Method 29-3.5.2.
Sample digested 01 /19 /00  by HNO;, Digestion.
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ENERGY LABORATORIES. INC.
P .O . B O X  3 0 9 1 6  •  1 1 2 0  s o u t h  27T M  S T R E E T  -  B IU L IN G S. W T 5 9 1 0 7  0 9 1 8  « P H O N E  ( 4 0 6 )  2 5 2 - 6 3 2 5
F a x  ( 4 0 6 )  3 5 2 * 6 0 6 9  • 1 * 8 0 0 - 7 3 5 * 4 4 8 9  •  E -M A IL  • ■ (O e n e r g y la ^ .c o /n
LABORATORY REPORT
TO:
ADDRESS:
Pat Newby 
MT DEQ
2 2 0 9  Phoenix Ave.
LAB NO.: 005 -00-50329  
DATE; 0 2 /0 8 /0 0  mf
Helena, MT 59620 •*
WASTE ANALYSIS
Boulder River 
Sampled 08/13 /99  
Submitted 01/13 /00
Site 12
C onstituents
Detection 
Limit, uo/q (ooml
Dry Weight Basis, 
uo/q (ooml
ERA
Method
Date & Time < 
Analvzed
Analyst'!
Initials
Organic Carbon 0 .02  % by wt 0.35 % by w t 111 0 1 /2 6 /0 0  @ 1000 SM
Total Metals'®
Aluminum 5 8700 6010 0 1 /2 1 /0 0  @ 2104 RLH
Antimony 5 < 5 6020 0 1 /2 8 /0 0  @ 1925 LAB
Arsenic 5 < 5 6020 0 1 /2 8 /0 0  @ 1925 LAB
Barium 5 85 6010 0 1 /2 1 /0 0  @ 2104 RLH
Beryllium 5 < 5 6010 0 1 /2 1 /0 0  @ 2104 RLH
Cadmium 5 < 5 . 6010 0 1 /2 1 /0 0  @ 2104 RLH
Calcium 50 3200 6010 0 1 /2 1 /0 0  @ 2 1 0 4 RLH
Chromium 5 49 6010 0 1 /2 1 /0 0  @ 2104 RLH
Copper 5 11 6010 0 1 /2 1 /0 0  @ 2104 RLH
Iron 5 14000 6010 0 1 /2 1 /0 0  @ 2104 RLH
Lead 5 6 6010 0 1 /2 1 /0 0  @ 2104 RLH
Magnesium 50 5400 6010 0 1 /2 1 /0 0  @ 2 1 0 4 RLH
M anganese 5 130 6010 0 1 /2 1 /0 0  @ 2104 RLH
Nickel 5 27 6010 0 1 /2 1 /0 0  @ 2104 RLH
Potassium 50 1200 6010 0 1 /2 1 /0 0  @ 2104 RLH
Selenium 5 <5 6020 0 1 /2 8 /0 0  @ 1925 LAB
Silver 5 <5 6010 0 1 /2 1 /0 0  @ 2104 RLH
Sodium 50 320 6010 0 1 /2 1 /0 0  @ 2104 RLH
Thallium 5 <5 6020 0 1 /2 8 /0 0  @ 1925 LAB
Zinc 5 24 6010 0 1 /2 1 /0 0  @ 2104 RLH
ASA Monograph 
Sample digested
No. 9 , Method 29-3.5.2. 
0 1 /1 9 /0 0  by HNO, Digestion.
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ENERGY LABORATORIES, INC.
P .O . B O X  3 0 9 1 0  .  1 1 2 0  s o u t h  2 7 T H  S T P E E T  •  B IL L IN G S. M T 5 9 1 0 7 * 0 9 1 6  • P H O N E  (4061 2 5 3 * 6 3 2 5
F A X  ( 4 0 0 )  2 5 2 - 6 0 6 9  •  1 - 8 0 0 - 7 3 5 - 4 4 6 9  •  E-M AIL O • « • 'O v la o  Com
TO:
ADDRESS:
Pat Newby 
MT DEQ
22 0 9  Phoenix Ave. 
Helena. MT 59620
LABORATORY REPORT
LAB NO.-. 
DATE:
006-00-50329  
0 2 /0 8 /0 0  mf
WASTE ANALYSIS
Boulder River
Sampled 08 /13 /99  
Submitted 0 1 /13 /00
Site 13
Detection Dry W eight Basis, EPA Date & Time Analyst*:
C onstituents Limit, uo/a loomi uo/q (ppml Method Analvzed Initials
Organic Carbon 0.02 % by wt 0 .3 3  % by wt Ml 0 1 /2 6 /0 0  @ 1000 SM
Total Metals'*’
Aluminum 5 9000 6010 0 1 /2 1 /0 0  ©  2108 RLH
Antimony 5 < 5 6020 0 1 /2 8 /0 0  ©  1957 LAB
Arsenic 5 < 5 6020 0 1 /2 8 /0 0  © 1957 LAB
Barium 5 61 6010 0 1 /2 1 /0 0  © 2108 RLH
Beryllium 5 < 5 6010 0 1 /2 1 /0 0  ©  2108 RLH
Cadmium 5 < 5 . 6010 0 1 /2 1 /0 0  © 2108 RLH
Calcium 50 5300 6010 0 1 /2 1 /0 0  ©  2108 RLH
Chromium 5 26 6010 0 1 /2 1 /0 0  ©  2108 RLH
Copper 5 11 6010 0 1 /2 1 /0 0  ©  2108 RLH
Iron 5 11000 6010 0 1 /2 1 /0 0  ©  2108 RLH
Lead 5 < 5 6010 0 1 /2 1 /0 0  © 2108 RLH
Magnesium 50 3800 6010 0 1 /2 1 /0 0  ©  2108 RLH
M anganese 5 180 6010 0 1 /2 1 /0 0  ©  2108 RLH
Nickel 5 16 6010 0 1 /2 1 /0 0  ©  2108 RLH
Potassium 50 620 6010 0 1 /2 1 /0 0  © 2108 RLH
Selenium 5 < 5 6020 0 1 /2 8 /0 0  ©  1957 LAB
Silver 5 < 5 6010 0 1 /2 1 /0 0  © 2108 RLH
Sodium 50 460 6010 0 1 /2 1 /0 0  ©  2108 RLH
Thallium 5 < 5 6020 0 1 /2 8 /0 0  ©  1957 LAB
Zinc 5 17 6010 0 1 /2 1 /0 0  © 2108 RLH
ASA M onograph 
Sample digested
No. 9 , Method 29-3.5.2. 
0 1 /1 9 /0 0  by HNOj Digestion.
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ENERGY LABORATORIES, INC.
P .O . B O X  30 9 1 6 *  1120 S O U T H  27TM S T R E E T  •  BILUNGS. M T  6 9 1 0 7 -0 9 1 6  •  P H O N E  (4 0 6 )  252-6325
F A X  |A0€) 252 6069 •  1 -800 -735-4^ 89  •  E “MAIL O « n e rg y la b .C o m
LABORATORY REPORT
TO:
ADDRESS:
P a t N e w b y  
M T DEQ
2 2 0 9  P h o e n ix  A v e .
LAB N O .: 
DATE;
007 -00 -50329  
0 2 /0 8 /0 0  mf
Helena. MT 59620
WASTE ANALYSIS
• • . *
Boulder River
Sampled 08/13/99 
Submitted 01/13/00
Site 14
Constituents
Detection 
Limit, uo/q loomi
Dry Weight Basis, 
uq/q (ppm)
EPA
Method
D ate & Time 
Analvzed
Analyst':
Initials
Organic Carbon 0.02 % by w t 1.39 % by wt (11 01 /26/00  @ 1000 SM
Total M etals"'
Aluminum 5 11000 6010 01/21 /00  @ 2114 RLH
Antimony 5 < 5 6020 01/28 /00  @ 1920 LAB
Arsenic 5 < 5 6020 01/28 /00  @ 1920 LAB
Barium 5 94 6010 01/21/00  @ 2114 RLH
Beryllium 5 < 5 6010 01/21/00  @ 2114 RLH
Cadmium 5 < 5 . 6010 01/21/00 @ 2114 RLH
Calcium 50 6400 6010 01/21/00 @ 2114 RLH
Chromium 5 41 6010 01/21 /00  @ 2114 RLH
Copper 5 13 6010 01/21/00  @ 2114 RLH
Iron 5 14000 6010 01 /21/00  @ 2114 RLH
Lead 5 7 6010 01/21/00 @ 2114 RLH
Magnesium 50 5700 6010 01/21/00  @ 2114 RLH
M anganese 5 180 6010 01/21/00 @ 2114 RLH
Nickel 5 24 6010 01/21/00 @ 2114 RLH
Potassium 50 1200 6010 01/21/00 @ 2114 RLH
Selenium 5 < 5 6020 01/28/00 ©  1920 LAB
Silver 5 < 5 6010 01/21/00 @ 21 14 RLH
Sodium 50 380 6010 01/21/00 @ 2114 RLH
Thallium 5 < 5 6020 01/28/00  © 1920 LAB
Zinc 5 28 6010 01/21/00 © 2114 RLH
ASA Monograph No. 9, M ethod 29-3.5.2. 
Sample digested 0 1 /1 9 /0 0  by HNO, Digestion.
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